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RESPIRATION UNCOUPLING PROTEIN 

The entire content of Provisional Application No. 
60/034,960, filed January 15, 1997, is incorporated 
herein by reference. 

TECHNTraT. FTFiT.P 
The present invention relates, in general, to a 
protein linked to cell respiration, metabolic rate, 
thermogenesis, obesity and hyperinsulinemia and, in 
particular, to a protein designated uncoupling 
protein-2 (UCP2) and to nucleic acid sequences 
encoding same. The invention also relates to 
diagnostic methodologies based, for example, on a 
determination of levels of UCP2 expression. Further, 
the invention relates to therapies involving 
modulating UCP2 expression and/or activity. in 
addition, the present invention relates to methods of 
screening compounds for their suitability for use in 
such therapies. 

BACKfiRnrmn 

Obesity. is a major health problem in most 
industrialized countries; including the United States. 
The seriousness of the pathologies associated with 
obesity, including type II diabetes and hypertension, 
has prompted numerous studies directed at determining 
the molecular basis for obesity. One result of such 
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studies is the demonstration that genetically 
inherited characteristics may play a . significant role 
m the development of the disorder. 

Recent reports indicate that obesity may be 
associated with an energy imbalance. The energy 
balance of an individual is dependent upon both the 
energy intake (food, and the energy output 
(cprresponding to resting metabolic rate metabolism, 
Physical exercise and heat production) . One 
hypothesis is that decreased resting metabolic rate 
and/or. thermogenesis. contributes to the development of 
obesity. Results of studies relating to uncoupling 
protein-1 (UCP1, demonstrate that such is the case in 
rodents (Ricguier et al, FASEB j. 5 : 2237 (1991) ; Mu2in 
et .al, Biochem. j. 261:721 (19 „ ); Ricgu±er #fc ^ j ■ 
Bxol r Chem. 261:13905 (1986); Collins et al, 
Endocrinol. 138:405 (1997)). 

UGP1 creates a pathway that allows dissipation of 
the electrochemical gradient of protons across the 
inner mitochondrial membrane in brown adipose tissue, " 

without couplina to an« 

pxj.ng to any other energy consuming 

process. This result-* <~ 

results in generation of heat and 

dissipation of calories. This process has been 
-Plicated in the regulation of body temperature, body 
composition and. glucose metabolism in animals 
However., UCPl-containing brown adipose tissue is 
unlikely to olav a ™i « < « . , 

Y P^ay a role in weight regulation in adult 

animals and humans living in a thermoneutral 
SUBSTITUTE SHEET (RULE 26) 



(C) 1999 Copyright Derwent Information Ltd. 



WO 98/31396 PCT/US97/06S64 



3 



environment since there is little brown adipose tissue 
present. 

The present invention relates to a novel 
uncoupling protein, designated UCP2 . The chromosomal 
location of the UCP2 gene, and uncoupling activity and 
tissue distribution of UCP2 are consistent with a role 
for this protein in diabetes and obesity. 

BRIEF DFSCRTPTTOM nr T H F. npawj^ g 
Figures 1A-F. A. Human UCP2 amino acid 
sequence. (Human UCP2 sequence is GenBank accession 
07 6367;) The three mitochondrial carrier protein 
motifs present in UCP1 and conserved in UCP2 are 
underlined. B. Nucleotide sequence encoding human 
UCP2 amino acid sequence shown in A, including the 
stop codon. C. Map of the human UCP2 gene. D. 
Subcloned fragments of ht7CP2-gl^ pSU04, P SUB14sp6, 
PSUB 14t7, pSUB23 s P 6, P SCJB23t7 are non localized ' 
fragments of the human UCP2 gene. pSUB 12 SP6 
corresponds to the 3' end of the gene; P SUB5t7 
corresponds to the promoter region; ex 12 identifies a 
genomic region containing exon 1 and 2 plus intronic 
regions; ex 34 identifies a genomic region containing 
exon 3 and 4 plus intronic regions; and ex 56 
identifies a genomic region containing exon 5 and 6 
Plus intronic regions. Cloning strategy: a mouse UCP 
CDNA was first cloned using rat UCP1 cDNA to screen a 
mouse muscle cDNA library (lambda GT11, Clontech) . 
SUBSTITUTE SHEET (RULE 26) 
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Prime " WSre de "^ from the mouse UCP2 cDNA to 
amplify a genomic human fragment corresponding to 
exons 1 and 2 , plus introns x 2 ^ fche human 

gene. This partial g enom i c fragment Was then ^ ^ 
clone the entire human UCP2 gene, hUCP2-gl. The 
library screened was a human genomic library from 

Clontech (cat# HL 1067j; lot #45003) m »H. • ^ 

- iOT »45003) made in the EMBL3 

SP6/T7 cloning vector with E. coli K802 as host 
strain. The DNA source was human placenta. E 
Consensus sequence for the entire human expressed 
0CP2. The entire expressed sequence (mRNA) is 1612 bo 
long. The coding sequence extends from bp 3.5 to 1275 
of this sequence. The clones hDCP2-5 • and hUCP2- 3 . 
from which the consensus sequence was derived, were' 
isolated from the human lung Marathon library from 
Clontech (Palo A lto, CA; catalog #7408-1). They were 
isolated by Random Amplification of cDNA Ends (RACE ) 
5' and 3. race were performed o n the Marathon library 
using methods as described by Clontech. The 5' gene 
specific primer sequence was AGAGAAGGGAAGGAGGGAAG 
<hUCP2.CDSR3). The gen e specific primer sequence 
was CATCTCCTGGGACGTAGC (hUCP2 . CDSF3) . PCR conditions 

were 94 °C 30 sec, 64 °C 30 sec 7?»r i • * 

JU sec ' 72 c 1 nun for 30 cycles 
on an MJ Research PTC-200, with Clontech KlenTaq Pl us 
DNA polymerase. P . Oligonucleotides that can be used 
to amplify the UCP2 coding sequence. Names are . 
hUCP2.C DS (F or R, pair number) where hUCP2 means 
hu^an UCP2, CDS means coding sequence and F or R 
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refers to forward or reverse primer. PCR conditions 
are in an MJ research PTC-200 96-well machine. 
Clontech KlenTaq plus DNA polymerase were used: 94°C 
30 sec, 60°C 30 sec, and 68°C 2 min. Times 30 cycles. 

Figure 2. Flow cytometry analysis of membrane 
potential following the expression of UCP2 in S. 
cerevlsiae; comparison of wild-type UCP1 and non- 
active UCP1 mutants. The number of cells (counts, Y- 
axis) is represented on a logarithmic scale of 1024 
channels. The X-axis is a logarithmic scale of 
fluorescence intensity. A shift of the curve towards 
the left indicates a decreased mitochondrial 
potential. The horizontal bar on the left indicates 
the position of cells treated with mCICCP, a chemical 
uncoupler. The expression of UCP2, UCP1 or UCPmut 

4 

mRNA in recombinant yeast, as well as its absence in 
wild type yeast, was checked by Northern blots. 

Figures 3A-C. A. Tissue distributions of UCP2 in 
humans and mice. Human UCP2 mRNA was detected on a 
human multiple tissue Northern blot containing 2 Mg 
mRNA per lane (Clontech, Palo Alto). This blot was 
probed with 3a P-labeled human UCP2 insert from IMAGE 
clone 129216. The 32P-labeled insert was used to probe 
the Master blot in ExpressHyb solution (Clontech, Palo 
Alto, CA) . Expression of UCP1 and UCP2 in mice was 
examined in various tissues of mice maintained at 
23°C. 20 ^g RNA was loaded in each lane except the 
WAT lane which has 4 ^g- UCP1 mRNA size is l.'s kb, 
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«hxi..ocP2 si» is 1>6 kb . The ucpJ 

28480 ci °- «=« «*». 6enBank accessio ; 

U6Sl3S <° R >' Abbreviations: H, heart; B 

PlaCe " ta; iu " „, skeletal 

»uscle; K. kidney .. P , pancreas; wWte ad . pose 

tissue.- Bat. brown adipose tis3ue; ^ ^ ^ ^ 
thigh end abdominal muscle, respectively. 

B. chromosomel location of 0cp 2 on distal mouse 
Chromosome 7. The approximate position i„ centi- 
Hproan (cH, distance from the centromere, relationship 

among other a^npc „ j 

. 9 r genes and corresponding human chromosomal 

positions of orthologous genes are shown. The Ucp2 
9 ene segregated in all 114 „, eiotic eve „ ts 
with B-arrestin , teJsW)> a gene previo „ sly rf ^ 

this position on both mouse chromosome 7 a nd to the 
long arm of human chromosome 11 , band ql „ . 
symbols and corresponding names are: Tyr, tyrosinase, 
D7t?asl2, DNA segment chr 7, Washington 1 2; ^ 
olfa;ctory .».r t «r ; protein,-, ^, hemoglobin beta chain 
complex, tub, tubby mutation; Calc, calcitonin, and 
DIMitiO, DNA segment Chr 7 Hit 40. 

C. Regulation of UCP2 mRNA levels in' A/ J and 
C57BL/SJ by diet In . 
. .. V diet. 30 ,„g of epididymal fat pad white 

adipose tissue Rna fm^ o _ • ^ 

RNA fr ° m 2 m:Lce each strain and 

diet was electrophoresed and a Northern bl^'n 

WOItnern ©lot prepared. 

The high-fat diet is n fl 

is xne same as dp?rr^*j 
/0 J 813 aescribed previously 

« al, Oiabetes 37=11*3 ,„..„. The blot was 
probed with 3 2 P-labeled clone 12S216 (human and 
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with cyclophilin. Amounts of UCP2 mRNA were 
determined with a Molecular Dynamics phosphorimager 
and were normalized with cyclophilin mRNA levels. 

Figure 4. Effect of diet on UCP2 mRNA levels in 
A/ J and B6 mice. Methods are as described in Figure 
3C. Epididymal white adipose tissue was prepared from 
mice on a low fat diet (L) , a high fat diet (Surwit et 
al, Diabetes 37:1163 (1988) ) (H) , or the high fat diet 
and the A3 adrenergic agonist CL316,243 (HI5) for 25 
days (Collins et al, Endocrin. 138 : 405 (1997) ) . 

Figure 5. Hypothesis about the regulation of 
resting metabolic rate and thermogenesis by UCP1 and 
UCP2. In mitochondria, the proton electrochemical 
gradient (a M H+) generated by the respiratory chain 
allows ATP synthesis by ATP synthase. In brown 
adipocyte mitochondria, uniquely, UCP1 short-circuits 
the proton circuit and oxidative energy is dissipated 
as heat in response to cold exposure. It has also been 
proposed that cafeteria diets may activate brown 
adipocyte thermogenesis (Rothwell et al, Nature 281:31 
(1979)). In contrast, mitochondria of many tissues 
express UCP2, an homolog of UCP1, that may also lower 
the level of coupling of respiration ' to ADP 
phosphorylation. This may also lead to increased 
resting metabolic rate and body temperature and 
underlies -thermogenesis". The present data show that 
UCP2 is not induced by cold but is induced, by diet. 
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thiazolidinediones. 

* jit 8s and ■■• mou - ° cp2 ~ - 

OC* let" " — « io „ of the 

Figures 10A-D. sequences of ■ four • 
human UCP2 gene. "gaons of the 

^Sure 11. Functional activity of Ucp2 B 
The following CAT ren*^ Promoter. 

into HZB-IB cells SV2 """"^ 

Promts; SVO is a D ^ ^ 

ovy J-s a promoter-les* 

OCP5/xi control construct; 

UCP2( + ) and DCP2(-, indictes construct. 

24 S bp fraomeni- * constructs containing the 

vp fragment from the mouse uc P? „ . 

the "sense" orientation a Z in 
vi-xcutacion or thp 

-i.ntat ion , „.p. m „ ly ... 

f °"°"' n3 their *»*«*.ct±pn into HIB-lB, a,, cell 
were harvested, e 5oluble °" «"» 

Prepared and the ievel Q£ CAT °' ^ - 

.^-"-"--s-n^e cat :i j;; ;; n d v d " 

as acetylated rhi lty is determined 

tylated chloramphenicol product/total " and < 
expressed as an artibrary unit The . , 

Blank is the unreacted chi ' * * " 

reacted chloramphenicol substrate. 
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5.VMMARY OF THE TNVFNTTp N 
The present invention relates, in general, to a 
protein that can effect partial uncoupling of. 
respiration. The protein, designated uncoupling 
protein-2 (UCP2), is linked to hyperinsulinemia,. 
resting metabolic rate, glucose intolerance, diabetes, 
obesity, anorexia, cachexia and syndrome X (Reaven, 
Diabetes 37:1595 (1988); De Franzo et al, Diabetes 
Care 14:173 (1991)). The invention also relates to 
nucleic acid sequences encoding UCP2 and to diagnostic 
methodologies based, for example, on a determination 
of levels of UCP2 expression. Further, the invention 
relates to therapies involving modulating UCP2 
expression and/or activity. In addition, the present 
invention relates to methods of screening compounds 
for their suitability for use in such therapies. 

Objects and advantages of the present invention 
will be clear from the description that follows. 

PETAT^fiP DESCRIPTION OF TH* T^p r-rop 
The present invention relates to a protein that 
is involved in. energy balance, body weight regulation 
and thermoregulation. The protein, UCP2, is widely 
expressed in mammalian tissues, including human 
tissues, and UCP2 mRNA levels in white fat are 
elevated in response to fat feeding. The UCP2 gene 
sequence maps to a chromosomal region linked to 
obesity and hyperinsulinemia. 

syssTfTyn sheet (Riuni S8> 
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The identification of uc?2 provides an 
explanation for a proton lea* that has been 
—tochrondria (Brand et al, Bioche*. Jm 275 8l 
--|-orter et al , ^ physiol> 26g . Ri2i3 81 
(1995 , Porter et ai , Nature 362:628 _ 

iS . relatSd t0 ^ -tabolic rate wnicn 

vanes inversely wihh k«^. 

e^y with body mass of various species >„rf 

<!.»„ Porter et ... Nature 3e2:628 

uc 1 ;;:': 1 ' ° b -^— .».«„. Ihus - 

■ Proton conductants can be expects * 

expected to varv wit-h 
-bran. Potential, as is t „. „ ith ocpi 

« .1, in .th Europ e a „ Bioenorgetic Confeienc 

IT:?: spain a994n - This p - pe ^ — " 

to operate without collapsi „ g „ embtane potent±a 

In brown adipose tissue, UCP1 „„,., 
thi^ .11. creates a pathway 

that allows dissipation of the electrochemical 

r ™ °* proc ° ns a "° s = *»« —»«».. -ithout 

T" " ° th " =~n g Process 

JNederoard et al, i n „ olecular M e chanisms ond 

B.oene^.tics 2 3.. 385 . <20 , e d. Er „ st er, t ., Elsevier 
Science ,„„„ . The co„se q ue„ce, a « lower 
efficiency of oxidative phosphorylation and increased 
n*at production. Previously, this «•"•<> 
. .„ , y ' tnls was expected to be 

a cenera! property of the ^rane ,i,volvi„ g - the 
Phospholipid composition) or a side effect of a „ 
Protein such as the aop, M p carrier ' „ ^ 
c tt . . As shown in Fia 

it is now known that UCP2 * *-k^ 

" UCP2 ' a the rmogenic and 
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resting metabolic rate protein that, is directly 
regulated by diet, underlies this phenomena. Further , 
the expression of UCP2 in spleen, bone marrow, 
macrophages and lymphocytes indicates that this 
protein also underlies thermogenic responses (e.g. 
fever) to inflammatory stimuli. 

The present invention relates generally to a 
nucleic acid sequence encoding UCP2 , particularly, a 
mammalian UCP2, more particularly, human UCP2, or 
portion of that encoding sequence. The invention 
further relates to the encoded protein, polypeptide or 
peptide. The term "portion", as used herein, and as 
applied to nucleic acid sequences, refers to fragments 
of at least 15 or 30 bases,' preferably, at least 
50 bases, more preferably, at least 100 bases and, 
most preferably, at least 150, 300 or 500 bases. As 
applied to proteins, the term "portion" relates to 
peptides and polypeptides of at least 5 or. 10 amino 
acids, preferably, at least 17 amino acids, more 
preferably, at least 33 amino acids and most 
preferably, at least 5*0, 100 or 240 amino acids. The 
invention also relates recombinant molecules 
comprising the abbve nucleic acid sequences and to 
host cells transformed therewith. In addition, the 
invention relates to methods of making the protein, 
polypeptide or peptide encoded in the nucleic acid 
sequence by culturihg the transformed host cells under 
appropriate conditions. Furthermore, the invention 

SUBSTITUTE SHEET (RULE 26) 
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relate to .nethods o£ Bcreeni „ g compoun<Js ^ ^ 
ability to bind to or alter the activity of or the 
expression of the DOT2 3e „e product. In addition , ^ 
-ventron relates to diacnootic and treatment 

°" UCP2 «* its encodin, seouence. 

The present invention relates to nucleotide 

Se * e " MS s P-^in that partially 

uncouples respiration ,„ does. D c„, in non ^ 
wel as b ro TO) adipose tissue. for W „ „ ia „ 

■ (examples of such portions include 

fences encoding the io N .te rain ,l a „i n o aoids , and . 
sequences, encodino the mitochondrial- carrier protein 
»ot,fs of «... lfl ,. In particular> ^ 

nvent,on relates to nucleotide ■ sequences that encode 
the ammo acrd seouence oiven in^re U/ or 
pcrtions.thereof as.defined above ^specific ^ 
secuenc. encodin, D c P2 giV en in P igur e 1B being Jy 
an e* amp le,. ^^.J^* 
the invention relates include .those encoding 
substantially the .sa»e. protein as eho™ in pigure ^ 

IST inter - - ana -iations 
.hereof , S ee Ejtanple zx, . as well as functional 
eouivalents of the a^ino acid sequence shown in ^ 
»• The invent.cn further relates to nucleotide 
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sequences substantially identical to the sequence 
shown in Figure IB. A -substantially identical- 
sequence is one the complement of which hybridizes to 
the nucleic acid sequence of Figure IB at 42»C in 50% 
formamide, 1 x saline/sodium citrate (ssc) containing 
0.25* SDS and which remains bound when subjected to 
washing at 52-55'C with 0.1-0.2 X SSC containing 0.1% 
SDS (note: 20 X SSC = 3 M sodium chloride/0 . 3 M 
sodium citrate) . The invention also relates to 
nucleic acids complementary to those described above. 

The present invention also relates to a 
recombinant molecule comprising a nucleotide sequence 
as described above and to a host cell transformed 
therewith. Using standard methodologies, well known 
in the art. a recombinant molecule comprising a vector 
and a nucleotide sequence encoding the UCP2 protein, 
or portion thereof as defined above, can be 1 
constructed. Vectors suitable for use in the present 
invention include plasmid and viral vectors. Plasmid 
vectors into which a nucleic sequence encoding the 
UCP2 protein, or portion thereof, can be cloned 
include any vectors compatible with transformation 
into a selected host cell. such vectors include 
vectors suitable for introduction into yeast and 
insect cells, generally, mammalian expression vectors 
suitable. for expression' in^hbst 'cells, which vectors 
can include sequence elements that enhance • 
transcription and/or prolong mRNA half life in the cell 
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(e.g. p-globin gene 3' untranslated region) 
specifically, pUC-based E. coli vectors, pYeDPUCP2, 
P SelectUCP2, and PECE-UCP2 . The nucleotide sequence 
of the invention can be present in the vector operably 
linked to regulatory elements, for example, a 
promoter. Suitable promoters include, but are not 
limited to, tissue specific promoters (e.g. leptin 
gene promoter or aP2 gene promoter specific for 
adipose cells, muscle creatine kinase promoter 
specific for skeletal muscle and lymphoid cell 
promoters) , muscle actin promoter, inter leukin 
promoter, cMV, SV4 0 and MMTV promoters. 

As indicated above, the recombinant molecule of 
the invention can be constructed so as to be suitable 
for transforming a host cell. Suitable host cells 
include prokaryotic cells, such as bacteria, lower 
eukaryotic cells, such as yeast, and higher eukaryotic 
cells, .such as mammalian cells, and insect cells. The 
recombinant molecule, of the invention can be 
introduced into. appropriate host cells by one skilled 
in the art using , a variety of known methods . 

.; The present invention further relates to a method 
of producing UCP2, or portions thereof as defined 
above. The method, comprises culturing the above- 
described transformed host cells under conditions such 
that, the encoding sequence is expressed and the 
protein thereby produced. . 
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In addition to the nucleic acids described above, 
the present invention also relates to UCP2 gene 
sequences, including introns, exons and flanking 
regions (e.g. the UCP2 promoter), and to portions 
thereof suitable for use as probes or primers. The 
invention also relates to nucleic acid sequences 
corresponding to the entire expressed UCP2 sequence 
(e.g. UCP2 mRNA or corresponding cDNA) , as well as 
portions thereof suitable, for example, for use as 
probes or primers. 

A human UCP2 genomic clone, hUCP2-gl, was 
deposited on January 13, 1997, and was given Accession 
No. 1-1806. A further human genomic clone (designated" 
hUCP2-g2 and a mouse genomic clone (designated MMU2- 
L2) were deposited at the Collection Nationale de 
Cultures de Microorganismes, Institut Pasteur, 25, Rue 
du Docteur Roux, 75724, Paris CEDEX 15, France, under 
the terms of the Budapest Treaty; on April 16, 1997, 
and were given Accession Nos. 1-1867 and 1-1868, 
respectively. hUCP2-g2 was cloned from the same 
library used to clone hUCP2-gi. a 500 bp DNA 
corresponding to the. 5- end of hUCP2-gl was used to 
screen the genomic library. MMU2-L2 was cloned from a 
mouse genomic library screened using the mbuse UCP2 
cDNA. The genomic library was from Stratt-gene 
(La Jolla, C: 12 9SVJ Mouse genomic library -- catalog 
number 946306 — in the Lamda FIX II vector/ the 
amplification host was XLl-blue MRA(P2) . Sequence 2 
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of „uc P2 -g 2 i3 1161 bp long and £rom poaicion 

-Sll to + .... Th=re£ore , thia fragm . ^ ^^^^ 
Puta tlV e human pro „ oter a ^ ^ 

ocp 2 gene t. shown in pig; lc and thesequences 

several eubcloned fragments are given in Fig . „ 
(See also Figures 9 and ^ furth . r . 

<hoc P2 -s. and hDCP2 . 3 ., „ eM >t ^ 

Culture CoHection. „.„ ParMawn ; 
» 0 8S2 . USA, under * te™ of the Budapest ^ 
on January 10 . 19S7 . These deposltB ^ ^ 

Accession : Hos. S7e5 o and 9 ,84 S . respectively. These 

deposits cowrie. pl asmlds containing ^ 

normal human luncr cDna tv,« i 

9 CDNA -' The plasmids are in the 

Invi t rogen pCR2 1 vector . hDCP2 . s . includes seguence 
fro. base pair (bp) , up to bp ^ ^ 

the entire » untranslated sequence and the entire 
coding seguence. hDC P 2 - 3 . includes seguence fro™ bp 
313 up to bp l 612 . thus includin9 che encire ^ 
aeguence and the entire 3> untranslated region. A 

bacterial artificiel chro™ (BA C, done : £ or hu ma „ 

genome DCP2 dna has been isolated.- This clone, 

h 0 CP 2 ;BA c. was deposited wlth the 

culture collection. 1M01 Parklaun Driv 

?» -A. under . the te™ o £ the Budapest Treaty 

- April la, 1SS7 . The clone ms isoiaced "V 

hybridizing hTJCP2 r>-t-nK.~ 

probe to th e human BAC library 
prepared by Genome Systems Th« „ w 

„ u yscems. The probe was PCR product 

for human UCP2 produced fr- nm u , P " 

produced from human lung cDNA and 
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amplified with hUCP2.cds3 primers as described in 
Example IX. BAG clone inserts range from 90 to 3 00 kb 
in length, with an average of 12 0 kb. Hybridization 
and isolation of hUCP2.BAC were performed by Genome 
Systems using their standard techniques. Since the 
human UCP2 gene is approximately 20 kb, hUCP2.BAC is 
believed to contain the entire gene as well as the 
entire promoter. hUCP2.BAC has also been digested 
with EcoRI and subcloned into the pZERO vector of 
Invitrogen. These subclones have been hybridized to 
hUCP2-5' probe to identify clones with the human 
promoter. They have also been hybridized to a (CA) 14 
oligo to identify a polymorphic CA repeat. Consensus " 
sequence for the entire human expressed UCP2 is shown 
in Fig.. IE. 

Nucleic acid sequence (s) of the invention can be 
used, in accordance with standard protocols, as probes 
and primers. Oligonucleotides suitable for amplifying 
the human UCP2 coding sequence are given in Fig. IF 
(pairs 1 and 3 exhibit little non-specific 
amplification). 

The present invention further relates to 
mammalian UCP2, particularly, human UCP2, 
substantially free of proteins with which it is 
normally associated, or portions thereof as defined 
above. The proteins, polypeptides and peptides of the 
invention can be produced recombinantly using the 
nucleic acid sequences as described above, or 
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cb-ucmy using taoTO nethods The 

Product, £ or e*a. pl e. wi th . protei „ „ 
fluorescent protein. Ma IE protein> glutathione 
transferase, glutathione, thrown, and poly- 
histidine. Su= h fusion products ^ be 

reco^nanUy. Por example , ^ ^ ^ ^ 

the (e s ^ s ^ Mce encodins 

can be doned in f ra „e „i th a sequence encoding 
another protein ,s.e above examples, the fusion 

product expressed in an appropriate host cell 

The proteins, polypeptides and peptides of the 

invention can be used as antigens to generate UCP 2 

specific antibodies Mehh^c * 

are well v • Methods of antibody generation 

are well known in the art B n( -x , 

ru ' Both monoclonal and 
Polyclonal antibodies aw -i^i j ^ . 

thA . . " lnclu ded within the scope of 

the. invention, as are binding * 

skills • ,k blnd msr fragments thereof. One 

SKiiied xn the art will =»„~ 

C Wl11 appreciate that such 

antibodies can be used- to selectively identify and 

ani ^ POr "° nS th ' re0f - *» -*«L. the 

antibodies can be used f-o ki , 

»e used to block activity of XJCP2 . 

Compound .e; r . rf?rnrT 

: The present invention also relates to Methods of 
screening co^ t „ their ^ 

of "c P r C T Se " inhibit ' a " iVlty - *»«io. 

relates t ^"""l" «" present invention 

relates to methods of tesH™ „~ 

testing compounds f or their 
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ability either to increase or to decrease expression 
or activity of UCP2 . The assays are performed in 
vitro or in vivo. In vitro, cells expressing DCP2 are 
incubated in the presence and absence of the test 
compound. By determining the level of UCP2 expression 
in the presence of the test compound (using, for 
example. Northern blots, immunoassays (e.g. Ri A> 
Western blots or immunohistochemiscry) or PCR) , or the 
level of UCP2 activity in the presence of the test 
compound, compounds can be identified that suppress or 
enhance UCP2 expression or activity. Alternatively, 
constructs comprising the UCP2 promoter operably 
linked to a reporter gene (e.g. lucif erase, 
chloramphenicol acetyl transferase, LacZ, green 
fluorescent protein, etc.) can be introduced into host 
cells and the effect of the test compounds on 
expression of the reporter gene detected. 

Cells suitable for use in the foregoing assays 
include, but are not limited t8, lymphoblasts, 
myocytes, adipocytes and hepatic cells, more 
specifically, C2C12 cells, 3T3 cells of adipocyte 
lineage, HIB-1B cells, rodent hepatoma cells, HepG2 
cells, and B7 cells. {See Example V.) 

Compounds that suppress or enhance UCP2 
expression can also be identified using in, vivo 
screens. In these assays, the test compound is 
administered (e.g. IV, IP, l M , orally, or otherwise) , 
to the animal, for. example, at a variety of dose 
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levels. The effect- *-u 

££ect of the compound on UCP2 exnrpcc- 

« "oca. muscle or m tissuei using Horc p 

test animals lnclude rodMCSi primates _ 
*»ine. Humanired „ lce can also be uaed ^ 

p a " i r 1S '. th " iS — *» «- endogenous 

Protein „ abUted [k „ ocfced out; h 

human protein add ed back by stMdard 

approaches. Such mice express only t „. human 

a protein. Humanized mice .»„ r .„ • . 

„„, „„ . expressing just the human 

»9»2 can b e us. d to stu dy i„ o£ 

loss re.er, cachexia in response to potential agents 
regulating „CP 2 p rot ei„ or mRm ^ 

e-mpie. transgenic mice have b ee„ produce, carrying 
the human. apoE4 gene . They ^ ^ ^ » « 

1- that la= k s endogenous apo E . to produce an aniJi 
"Ode! carrying hu^an proteins b elieved to b e 
inst i„ development or Al 2 hei„ers pathology. 

Such transgenic animals are userul for dissecting the 
biochemical and physiological steps of di ^ J - 

-development or therapies ror disease intervention 
aormg, et al, Heuroniol . A g ing „,„, 

can b C °"T ndS ° r enha "« -tivity 

=« be identified b y contact^ OC P 2 with the test 

compound under conditions such that the compound can 
-erect with (e , g . blnd to) ^ ^ 

-ch as the yeast egression system described L 
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Example I can be used. in such a system, the effect 
of the test compound on UCP2 activity can be 
determined, for example, by analyzing the alteration 
in membrane potential (e.g. using flow cytometry) ( see 
Example I) . (Comparable studies can be carried out in 
vivo by administering the test compound and measuring 
its effect on respiration and/or body temperature.) 

In addition, using cellular systems such as the 
two-hybrid system (Fields et al, Nature 340:245 
(1989); Chien et al, Proc. Natl. Acad. Sci. USA 
68:94=578 (1991)), proteins can be identified that 
interact with UCP2 . 

Using in vivo (or ia vitro) systems, it may be 
possible to identify compounds that exert a tissue 
specific effect, for example, that increase UCP2 
expression or activity only in fat or muscle or cells 
of the immune system. 

Screening procedures such as those described 
above are useful for identifying agents for their 
potential use in pharmacological intervention 
strategies. Agents that enhance UCP2 expression or 
activity can be used to treat disorders such as, 
hyperinsulinemia, glucose intolerance, diabetes, 
obesity and syndrome X. Compounds that suppress UCP2 
expression or inhibit its activity can be used to 
treat wasting associated, for example, with cancer, 
AIDS, cachexia and anorexia. Agents that Suppress 
UCP2 expression or inhibit its activity can also be 
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used to induce .hypothec. for ejtanple ^ 
advantageous in surgica! setci „ gs _ ±RC 

bloc, hyperthermia, for example, during thyroid BCo „ 
-pound, that enhance TCP2 8 ,« sslo „ or 

*M expressxon. agents that modulate OCP2 can b e 
expected to modulate leptin expression. „o„ever 
lept ln has oeen shown not to influence B CP 2 expression 
in vitro or in vivo. *Pression 

PharmrirynM,.,, r r m r-ili j, M 

The present invention also relates to 
Pharmaceutical compositions comprising, as active 
agent, the proteins, peptides, nucleic acids or 

relates to compositions comprising, as active agent 

expounds selected using the ahove-descrioed screen^ 

protons. Such compositions include the active gen 

c " CP " b "'""» »*<H a pharmaceutical^ acceptable 
carrier. In the case o£ ^ ^ 

of a gel " e C °" P0Siti0n — Ke the form 

°c C1 ' ° int " ent ~ lo "° n - . B- a-unt of 

agenT tT" ln "» ~* *«» 

a 9 ent. the patient and the effect sought. ukmAmm> 
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the dosing regimen can vary depending on the 
composition and the disease/disorder to be treated. 

Detection/Diagnpfn fi ■ 

The present invention further relates to methods 
of identifying individuals at increased risk for 
developing certain diseases/disorders, including 
hyperinsulinemia, glucose intolerance, type II 
diabetes, obesity, syndrome X, immunological 
dysfunction and body temperature dysfunction. One 
such method comprises: (a) obtaining from a mammal 
(e.g. a preobese human) a biological sample", (b) 
detecting the presence in the sample of a UCP2 gene 
product and (c) comparing the amount of the gene 
product present in the sample with that in a control 
sample. Advantageously, the biological sample is 
taken after the consumption of a high fat meal. In 
accordance with this method, the presence in the 
sample of altered (e.g. .diminished) levels of UCP2 
gene product indicates that the subject is predisposed 
to the above -indicated diseases/disorders. 

Biological samples suitable for use in this 
method include biological fluids such as blood. 
Tissue samples (e.g. biopsies) can also be used in the 
method of the invention, including samples derived 
from muscle or fat. Cell cultures or cell extracts 
derived, for example, from tissue biopsies can also be 
used. 
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. The detection step o£ the preMnt 

effected usin 3 standard protocols f„r- 
detection » otocols for Protein/mRMA 

detects. Examples of suitable protocols include 
Northern blot anal y sis. immunoassays ^ 

-ots. immunohistocbemical anal yses) , and PCR 

1 de„t l£ying .ndividuals havino el evated „ . 
leva s of w . which individuals are 

Zl eXPreSS1 °"' is indicated 

sample fro. a preobese sublet can be 
screened for the presence of diminished levels of ucp2 
gene product, particularly 

— . .e •^.rtirn^r^ 

P-uct.. relate to a normal population tlLT 

rteTrrr f — — - — . j« 

etes or syndrome X. such individuals would be 
oan dld ate s for anti-obesity therap y (e . g . ^.J^ 
-t^appet.te suppressants,. The identification J 
elevated levels of D c PJ ln a w.stinc patient 
cancer. AIDS ot anore , ia ij.^. 

The .dentif .cation of low levels o£ ocp2 * 
hypothermic patient or obese patient would be " 
indicative of an individual that would benefit fro 
agents that induce ocpj ext.™,,, ° enef " ««» 

«<J-J expression or activity. 
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The present invention also relates to a kit that 
can be used in the detection of UCP2 expression 
products. The kit can comprise a compound that 
specifically binds UCP2 (e.g. binding proteins (e.g. 
antibodies or binding fragments thereof (e.g. F(ab') 2 
fragments)) or UCP2 mRNA (e.g. a complementary probe 
or primer) , for example, disposed within a container 
means. The kit can further comprise ancillary 
reagents, including buffers and the like. 

The diagnostic methodologies described herein are 
applicable to both humans and non-human mammals. 

Therany; 

The present invention relates to methods of 
treating diseases/disorders such as hyperinsulinemia, 
glucose* intolerance, diabetes, obesity, syndrome X, 
cancer and hypothermia by increasing UCP2 activity 
and/or expression. The invention also relates to 
methods of treating inflammation, anorexia and wasting 
(cachexia) (e.g. associated with cancer or AIDS), of 
reducing fever and blocking hyperthermia (e.g. thyroid 
storm) and to methods of inducing hypothermia (eg when 
advantageous for surgery and transplant) , by 
decreasing UCP2 activity and or expression. These 
methodologies can be effected using compounds selected 
using screening protocols such as those described 
above and/or by using the gene therapy and antisense 
approaches described below. 
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Gene therapy can be used to effect targeted 
expression of VCP2. for example. in f« tissue an<J 
muscle to reduce fat depots or in cancer cells to 
cause ther.odestruction or metabolic collapse/death of 
the cells. The ucp 2 coding se,uence can be cloned 
into an appropriate expression vector and targeted to 
a particular cell type ( s, to achieve efficient, high 
level expression. Introduction of the UCP 2 coding 
seguence into target cells can be achieved, for 
example, using particle mediated DNA delivery «„il lia „ 
et al, Pr oc. Hatl . A cad. Sci . DSA 86:2726 (1M1) . 
Haynes. Advances in Drug Delivery Reviews 21 . 3 
(1SS6)), direct injection of naked DNA (Levy et ,1 
Gene Therapy 3 , 21 (l „ t))< liposomal ^ 

(Feigner. Human Gene Therapy l!l7si (ls96) , , „ v±ral 
vector dieted transport (Smith et al. Gene Therapy 
3.1.0 (i,,,,,. Tissue specific effects can be 
achieved, for example, in the case of virus Mediated 
transport by using viral vectors that are tissue 
specific, or by . the use of promoters that .re tissue 
specific (e.g. leptin and aPJ promoters can be used to 
acMeve expression in white . adipose tissue and the 
myosin li 3ht chain kinase promoter can be used to 
achieve expression in skeletal muscle) (see also 
warden et al. ,*„ Regulation of Body weight, biological 
and behavioral mechanisms, c. Bouchard and G.A. Bray, 
ed. ;(west Sussex, J0 hn Wiiey . sons Ltd.,. pp . 2SS . 
»«) • Combinatorial approaches can also he used to 
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ensure that the UCP2 coding sequence is activated in 
the target tissue (Butt et al. Gene Exp. 4:319 (1995,, 
Hart, Semin. Oncol. 23:1521 (1996)). 

Antisense oligonucleotides complementary to UCP2 
mRNA can be used to selectively diminish or ablate the 
expression of the protein, for example, at sites of 
inflammation. More specifically, antisense constructs 
or antisense oligonucleotides can be used to inhibit 
the production of UCP2 in high expressing cells 
(spleen, thymus, leucocytes, bone marrow and stomach) 
Antisense mRNA can be produced by transfecting into 
target cells an expression vector with the UCP2 gene 
sequence, or portion thereof, oriented in an antisense 
direction relative to the direction of transcription 
Appropriate vectors include viral vectors, including 
retroviral, adenoviral, and adeno-associated viral 
vectors, as well as nonviral vectors. Tissue specific 
promoters can be used (e.g. leptin gene promoter or 
aP2 gene promoter specific for adipose cells, muscle 
creatine kinase promoter specific for skeletal muscle 
and lymphoid cell promoters) . Alternatively, 
antisense oligonucleotides can be introduced directly 
into target cells to achieve the same goal. (see also 
other delivery methodologies described above in 
connection with gene therapy., Oligonucleotides can be 
selected/designed to achieve a high level of 

specificity. ( See also- Mat teucci et al. Nature 384:20 
(1996)). 
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It has been recently demonstrated that increased 
0 2 consumption associated with cachexia of malignancy 
can be attenuated by indomethacin, a cyclooxygenase 
inhibitor. This is thought to be due to inhibition of 
prostaglandin production (Roe et al, Metabolism 46-359 
(1997)). Thus, agents that block UCP2 expression 
and/or activity can be expected to be useful in the - 
treatment of cachexia. 

The therapeutic methodologies described herein 
are applicable to both human and non-human mammals 
(including cats and dogs) . 

Certain aspects of the present invention are 
described in greater detail in the non-limiting 
Examples that follow. 

EXAMPT.f^ 

The following- experimental methodologies relate 
particularly to Examples I and in-vii that follow. 

^ Yeast transactions and functional analysis using 
flow cytometry. The diploid yeagt lSaccbaromyces 

cerevisiae, strain W303 (a/a; ade2-10; his 3-II-15. 

1.-2-2. 112; ura3-l; canl-100; try-Al) . was used ^ 
expression of UCP2. The pY ed P-UCP2 or UCPmut 
expression vectors were introduced into yeast -by 
electroporation and transf ormants were selected for 
uracil auxotrophy as described by Bouillaud et al 
(EMBO J. 13:1990 MQQdii ~ 

(1S94)). Expression of the UCP2, 
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UCPl or UCPmut under the control of the gal-cyc 
promoter was induced by galactose in the absence of 
glucose. Growth of yeast for flow cytometry analysis 
and measurement of mitochondrial membrane potential 
using the DiOC6(3) fluorescent probe (3,3'- 
dihexyloxacarbocyanine iodine, Molecular Probes, 
Eugene, OR) are described by Bouillaud et al (EMBO J. 
13:1990 (1994)). 

Isolation of OCP2 cDHA clones. Human and mouse 
UCP2 IMAGE consortium clones (Washington University, 
St. Louis - Merck) identified in the EST database 
(http://www.ncbi.nlm.nih.gov) were purchased (Research 
Genetics, Huntsville, Alabama). Human UCP2 sequence 
was derived from IMAGE clones 129216, 158373, 163246 
and 236034. GenBank accession for the human UCP2 
coding 'sequence is U76367. Mouse UCP2 was also 
isolated independently (DR) by screening a mouse 
muscle cDNA library with rat UCPl (GenBank . accession U 
69135). More than 20 mouse and human UCP2 clones are 
currently in the EST database, while only one UCPl 
clone (IMAGE 529189) is represented in the EST 
database. 

House chromosomal mapping. The chromosomal 
position was determined by linkage mapping of 
restriction fragment length polymorphisms "(RFLPs) in 
an interspecific cross as previously described (Watson 
et al, Mamm. Genome 2:158 (1992)). Hybridization of 
human UCP2 probe (892 bp insert of IMAGE clone 129216) 

substituti sheet (role m) 
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defined EcoRI RFLPs that segregated in the strains 
used ,C3H. 5.5 kb; M, spretus , 9 . 0 kb) . Gene order 

was determined by analyzing all haplotypes and 
.minimizing crossover frequencies. The reference loci 

" th±S int e«Pecific cross that includes 2000 

chromosomal markers are indicated with citations in an 

online database 

(http : //www . informatics . j a* . org/crossdata . html : se lect 
"seldm cross" and chromosome number 7). 

EXAMPT.T] T 

Sequence and Uncoupling Activity of UCP2 
The amino acid sequence of human UCP2 is 59% 
identical to human 0CP1 < UC P2 sequence shown in Figure 
1A) . The predicted coding sequence produces a protein 
of 309 ami'no acids with a molecular weight of 33,218 
Daltons and an isoelectric point of 10 .0. The amino 
acad sequence of mouse UCP2 (GenBank U69135) is 95* 
identical to human UCP2. Several protein motifs are 
conserved between OCP1 and UCP2 . Both exhibit three 
mitochondrial carrier protein motifs, consistent with 
roles as ion transporters of the inner .embrane, while 
the amino acids essential to ATP binding are also 
conserved. 

To test the hypothesis that UCP2 is an uncoupling 
Protein, yeast were transf acted with UCP2 in an 
expression vector as previously reported for UCP1 
(Bouiliaud et al, EMBO j. 13:1990 (1 „ 4}J> ^ of 
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growth in liquid medium of transformed yeast were 
measured in the presence of galactose, which induces 
expression. Instantaneous generation times were 
compared after induction of vector, UCP2, control 
(empty) and UCP1 expression vectors. The values for 
UCP2 were 260±29 minutes (±s Df n-5>, whereas the mean 
value for the strain transfected control vector (pYeDP 
vector) is 188±13 minutes (n=5, p<001 versus UCP2) and 
the mean value for UCP1 is 226±10 minutes (n=10, p< 
0.01 versus UCP2) . These results indicate that UCP2 
slows the growth of yeast more than does UCP1 
(Bouillaud et al, EMBO J. 13:1990 (1994)). 

The in vivo decrease of membrane potential 
associated with uncoupling of respiration was analyzed 
by flow cytometry of yeast labeled with the potential 
sensitive probe DiOC6(3). Using this procedure, it was 
previously demonstrated that UCP1 decreases the 
mitochondrial potential of transformed yeast 
(Bouillaud et al, EMBO J. 13:1990 (1994)). • 
Mitochondrial potential is strongly decreased in 
strains containing either the UCP2 or UCP1 expression 
vectors, in contrast to strains containing empty or 
UCPmut (A3 6P/K150L mutations that inhibit UCP1 
activity) expression vectors (Figure 2) . in the case 
of UCP2, 2 peaks were observed, one equivalent to 
cells expressing 0CP1 and a second peak corresponding 
to a very low mitochondrial. potential . Mean 
fluorescence intensities were: empty vector, 65.5; 
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UCPmut, 43 .0; 0CP1, 22 . 5; ucp2/ 15>5 ^ ^ + 
mCICCP, 0.4 (Figure 2) . Very sim . lar resuitg ^ 

obtained in two additional experiments. Results of a 
representative experiment are shown in Figure 2. 
These data show that UCP2 influences mitochondrial 
activity and can partially uncouple respiration. 

EXAMPT.R TT 

Organisation of Mouse and Human OCP2 Genes 

, A map showing the organi2atiQn Qf ^ ^ 

?*ne present in MMU2-L2 . The mouse DNA inserted in 
lambda phage is 13.9 kb long and contains all tne 8 
exons and introns, and 5.3 kb of DNA upstream of the 
Putative transcriptional start site ( +1 site). (See 
Fig. 7, The DNA has been sequenced from -934 to 
+8600 bp. ( r ig . 8B). The region -246/+1 of the mouse 
UCP2. gene was placed in front of a CAT reporter gene 
This CAT construct exhibited a promoter" activity when 
transfected in cultured adipocytes (see Example X, a 
fragment of 1.9 kb located in the 5- end of the gene 
(Fig. 8A) has also been sequenced. 

• A map shoving the organization of the human UCF2 
9ene present in hUCP-g 2 . The numan DNA inserted ^ 
lambda EMBL3 phage is 14 kb long (see Fig. 9 , It 
contains all the 8 axons and intr.ns, and a minimum of 
3 kb of DNA upstream of the putative + 1 sit e. Four 
regions, referred to as- sequences 1, 2 , 3 or 4 in 
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Figures 10A-D . , have been sequenced. Sequence 1 
corresponds to 640 bp of DNA forming the y extremity 
of the human DNA. Sequence 2 corresponds to a 1161 bp 
DNA from positions bp -511 to + 650. This fragment 
contains the putative proximal human UCP2 promoter. 

Human and mouse rj C p 2 genes have a very similar 
organization, .exons 1 and 2 being noncoding exons, 
whereas exons 3-6 are coding exons. 

EXAMPLE t TT 

Expression of 0CP2 in Human and Mouse Tissues 
To determine the possible sites of physiologic 
function of UCP2, Northern blot analyses were 
performed. UCP2 tissue distribution is markedly 
different from that of UCP1 (Figure 3A) . Probing of a 
multiple tissue northern blot from pooled adult 
tissues reveals UCP2 mRNA of i. 6 kb size present in 
skeletal muscle, lung, heart, placenta and kidney. m 
mice, UCP2 is expressed in brown adipose tissue (BAT) 
as well as white adipose tissue (WAT,, and at high 
levels in heart and kidney. Probing of a Human mRNA 
Master Blot (Clontech, Palo Alto, CA) with UCP2 
reveals that it is expressed at high levels in 
skeletal muscle, spleen, thymus, leukocytes, bone 
marrow and stomach. Low levels of UCP2 mRNA expression 
were observed in liver or brain. 
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Mapping of UCP2 in Mi Ca and Humans 
Additional evidence for the role of 0C P2 in 
obesity and diabetes was ^ by ^ 

chromosomal position of UCP2 . Whole genome 
mouse genetic c rosses haa identified ^ ^ £ 

chromosomal loci influx • 

aoci influencing spontaneous and diet- 
induced ObesitV IHorvaf , 

«y (Horvat et al, Genetics 139:1737 
(1995); Collins • ,1 « --<-'J' 

" S 6t a1 ' Mamm - Genome 4:454 (1993,. 
Warden et al, j ciin r «i»»JJ, 

al a el . ' 95:1545 f^95); west et 

al, J. Clan, invest. 94:1410 ,1994); Taylor et al 
Genomics 34:389 (1996); Seldon et al j n • 

these ioci regains a chaUenge ^ 
positional candidate apptoach- ^ 

shown to have cnro.es™! loci co . incident 

UCP2 is such a novel can^-t^.^. 

novel candidate gene. UCP2 ( Ucp2) was 
™pped to „ouse chro _ ? , * « 

^ <^»" 3B, . Two independent seguence 
tagged sites derived ' " 

sejue „„ , * fr< "" hUma " UCP2 =iones (Expressed 

T C I" 10230 ^ 2265151 »~ -PP.- 

to the ho m ologous re 9 io„ o£ the i„ B arm of 

chro„oso„e U. between D11S91S and DU S9U W ,. 1 « 72 

;: el:: 387 :: Bhi " head in — — - ~ 

Research radiation hybrid panel, 

http : //www. ncbi . „l m . „ in . gov/SCIEMCE96/) f conslstent 
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with mouse/human homology relationships suggesting ar 
llq!3 chromosomal band location (DeBray et al, 
Genomics 33:337 (1996)). 

EXAMPLE Y 

UCP2 is a Positional Candidate Gene for Mouse and 
Human Obesity and Hyperinsulinemia Xioci 

The chromosomal mapping of UCP2 is co-incident 
with quantitative trait loci (QTLs) for obesity from 
at least three independent mouse models, one congenic 
strain, and human insulin dependent diabetes locus-4 
(IDDM4 ) (Warden et al, J. Clin, Invest. 95:1545 
(1995) ; Taylor et al, Genomics 34:38 9 (1996); Seldin 
et al r J. Clin. Invest. 94:269 (1994); Hashimoto et 
al, Nature 371:61 (1994)). Diet-induced obesity and 
diabetes have been demonstrated in the C57BL/6J (B6) 
mouse, while the A/J strain is resistant to the high- 
fat diet (Surwit et al, Diabetes 37 : 1163 (1988)). 
This syndrome is not due to inactivity (Brownlow et 
al, Physiology & Behavior 60:37 (1996)) or to 
hyperphagia (Surwit et al, Metabolism 44:545 (1995)) 
as B6 mice show higher feed efficiency than A/J mice 
(weight gained/calories consumed), when fed a high fat 
diet. Whole genome mapping has shown. that a QTL for 
plasma leptin, insulin, and glucose is located on 
mouse chromosome 7, peaking near the tubby locus 
(Surwit et al, Diabetes 45:78A (1996)). Sequence 
analysis and mRNA expression levels suggest that tubby 

SUBSTITUTE SHEET (RULE 26) 



(C) 1999 Copyright Derwent Information Ltd. 



WO 98/31396 



PCT/US97/06864 



36 



» »« tne u„dex lying gene for tMs 

»« n ybridi2ed with t „. „ cp2 ptob 

c 2 z:t : prone bs ,ri9u - 41 • - 

UCP2 mRNA levels wei-P «i a » n 4«- * 

*M ,da ys 7, la and 25)< but only 

animals fFiaurp ir-s ^ J DD 

^ a recto r ' * temP "«»" -~»»d 

and B6 temPer " U " ««*• " ^so increased in A/J 

and B 6 MM e„„ somlng the hlgh £at ^ 

>>*.»r«t mt (2X) in, /JthaninB6nlce _ 

- » are „ ighly signlflcant ^ . 

P<0.01). However after v, ^roup, 

in the B6 m Progression to severe obesity 

xn the B6 mouse on a high fat diet for 18 weeks 

riivrr: were dr " aticaiiy — - 

strams, but in contrast to" earl v timo 

t ""jr time points a 10 

25 days, levels of UCP2 were cr.-V • 
, . ere ^ater in the diet- 

Induced obese B6 mice relative to the i 

U,ve to tne leaner a/t 

pt~- .-its;— 

genetically obese ob/ob and db/db ndce. 
Regulation of UCP2 h^e U : 

t.a^ouid „ gulate „ c , In : ex T ned ta± factors 

-iss rel ce, 0CP2 ^ w s , . J~ ^ — 

Leccea in BAT, WAT i-t-i<„v, 
muscle and liver ' tni 5 h 

j.j.ver. Exposure at 4°r ~»- *. 

re at 4 c or treatment with 
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the A3 adrenergic agonist CL316,243 for 10 days did 
not influence UCP2 mRNA levels in these tissues. 
Finally, administration of leptin (2 ug, 2 x/day for 
4 days, failed to increased UCP2 expression. Leptin 
has been shown to increase sympathetic outflow to 
brown fat, thus potentially increasing UCP2 
expression. Thus, UCP2 is regulated very differently 
than UCP1, which is induced by cold and B3 agonists. 
However, these data do not rule out the possibility 
that the sympathetic nervous system regulates UCP2 . 

Increase in VCS2 Expression by Thi a2 olidi. n0 cLLon« s 
Thiazolidinediones are known insulin-sensitizing 
agents that lower plasma glucose levels, and long 
chain fatty acids have been shown to be ligands for 
the PPAR (peroxisome proliferator activated receptor, 
family ..of receptors. Accordingly, a study was 
undertaken to determine whether agents that, stimulate 
PPARgamma could increase expression of UCP2 in a model 
adipocyte cell line, HIB-1B. 

HIB IB cells were grown for 7 days in DMEM + 10% 
charcoal-stripped serum (Media) or with the addition 
of the thiazolidine dione BRL 49653 (luM, and the RXRa 
ligand LGD-1069 (O.lpM, (TZD/RXX) . The results are 
the average of 2 independent experiments of 4 samples 
each. significantly different from Media samples, 
p<0.001. (See Fig. 6) . ' 
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EXAMPLE VTT 
Respiratory Rate- 



R«piratory rates have been neasured in 
^tocKo„ dri . isoiated fro* yeast cont , 
pYeBP tor and the p 0C P 2 TCCt „ (TaWe P 
action or the rcc* uncover, the raspatory „ t . 
«.s increased by a factor of 7.a in conttol 
»ito=h,„dri.. „ hlle it _ enly incr=ased 

?? - « p 0CP2 Mitochondria ,» e „ . Tnls 
dearxy demonstrates that UCP 2 has u„=o U p U n s 
activity Edition of * DP striates respiration „,« 
in control mitochondria u . 

ar "' agaxn showing the UCP2 
mitochondria are more uncoupled. 



pYeDP 

pUCP2 



Table l 



Basal 


Uncoupled 


| ADP 


addition 


rate 


rate 


_ 1 fold 


1 rate , 


Ifold 


14 


100 


1 7.1 


) 33 .,,„ 


[ 2.3 


23 


100 


1 4 3 


1 42 


1 1. 8 



EJawpT.F VTTT 
Hole of 0CP2 i„ « ,«,„. M 

T h . ,, , ■ • spontaneous obesity 

The ncp, ,ene is co-incident „ith a CTL for 
spontaneous ^Itifactoriai obesity i„ bsb .ice. bsb 
«« are derived Wa b ac k cross of ( c, 7Bl/M x 

™ r: x " /6j - * iocus uith 

b ° dy — iipase activity and 
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plasma cholesterol is located on distal mouse 
chromosome 7 surrounding the tubby locus. mRNA 
extracted from the spleens of 16 BSB mice was probed 
on northern blots for UCP2 and actin. Levels of mRNA 
were quantitated by phosphorimager and UCP2 was 
normalized with actin. A negative correlation of 
UCP2/actin mRNA levels with body fat (p-0.016) and HDL 
cholesterol (p=0.023) was observed. The hypothesis 
that body temperature is correlated with body fat in 
BSB mice was also investigated. Core body 
temperatures were determined by rectal thermometers 
every week after weaning of 45 BSB mice. : These BSB 
mice demonstrated a negative correlation of body 
temperature with percent body fat at sacrifice. 
P-values for the correlation of were p=0.018 at 6 
weeks 'old <r J = 0.12) and p-0.09 at week 8 (r 2 =0.10). 
These results indicate that UCP2 influences body fat 
percent by altering body temperature in a" model of 
spontaneous obesity exhibited by mice maintained on a 
chow diet. {See Fisler et al, Obesity Res. 1:271 
(1993); Warden et al, J. clin. Invest. 92:773 (1993); 
Warden et al, J. Clin. Invest. 95:1545 (1995).) 

Common Sequonc® Polymorphisms of Human T7CP2 
Human mRNA was prepared from buffy coats (white 
blood cells) from 8 Hispanics who either have Type II 
diabetes or are the children of Type II diabetics. 

SUBSTITUTE SHEET (RUOLE 26) 



(C) 1999 Copyright Denvent Information Ltd. 



WO 98/31396 



PCT/US97/06864 



40 



The complete human UCP2 coding sequence w a <r "amplif i ed 
by RT-PCR of mRNA using primer pair 3 <hUCP2 . cds3 ) as 
described in the Brief Description of Fig. i£. The 
products were cloned into the Invitrogen pCR2 . 1 vector 
as described by the manufacturer. Sequencing was 
performed with 8 primers on each of the clones. 
Sequences were compared with the hUCP2 sequence 
submitted to Genbank (Accession No. 076367). 
5 polymorphisms were observed in at least 2 of the 8 
people sequenced. Each of these confirmed 
polymorphisms was also observed with all overlapping 
primers. 5 additional polymorphisms were observed 
with only one person or have. conflicting data from 
different primer pairs. (See Table 2) Restriction 
enzymes have been identified that would differentially 
digest eaqh of the alleles. 
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TABLE 2 



Polymorphism 



1 


2 


3 


4 


5 


445 


502 


508 


869 


913 


34 


53 


55 


104 


190 


L 


A 


A 


K 


N 


L 


A 


V 


K 


S 


P 


V 


V 


K 


s 






A55V 




N190S 



base number in terms of entire dna sequence 

amino acid number in terms of open reading frame seq. 

hUCP2.genbank 

Confirmed polymorphisms, observed at least twice. 
Polymorphisms observed only once. 
Short name 



Polymorphism 



base number in terms of entire dna sequence 

amino acid number in terms of open reading frame seq. 

hUCP2.genbank 

Confirmed polymorphisms, observed at least twice. 
Polymorphisms observed only once, 
short name 



6 


7 


8 


9 


10 


1052 


1068 


1142 


1224 


1262 


236 


242 


266 


294 


306 


D 


Y 


P 


L . 


£ 


O 


Y 


P 


M 


E 


E 


N 


P 


M 


E 








L294M 





Restriction, enzymes of HUCP2 . genbank for polymorphism 
analysis : 



Polymorphism l: Frequency of base change T to C at 
445 of enire expressed is 77% T and 33V C. , Amino acid 
change occurs in polymorphisms observed only, once from 
L to P. 

site- t/cegga, possible enzymes= AccIII, BseAI , BseAI, 
BsiMI , Bspl3I, BspEI, Kpn2I, Mrol, There are no other 
areas where this enzyme would- cut. 
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Polymorphism 2: Frequency of base change C to T at 502 
of entire expressed sequence is m c , 88 % T; baae 
change T to A at 503 of entire expressed sequence is 
64% T. 36* A. ^ino acid change occurs ^ ed . ted 

sequence from A to V. Restriction enzyme cleavage 
site- /gtnac, possible enzyme is Maelll. other areas 
that , this enzyme cuts are: n 9 , S83/ 865 

Polymorphism 3: Frequency of base change C to T at 508 
of entire expressed sequence is 57% c and 43% T as 
shown in 2 primers. Amino acid cWge occurs ^ 
edited and edited all sequences from A to V 
restriction enzyme cleavage site-gcn/ngc, possible 
enzyme is CacSI. Other areas that this enzyme cuts 
-e: SB, 70. 153, 250 , 254 , 336 , 340, 364, 670, 7S6 
901. 7 

Polymorphism 4 , Frequency of base change C to T at 869 
of entire expressed sequence is 73% C and 27 % Tf shown 
« 2 primers. Seventy-five percent of examined 
individuals are T. No amino acid change occurs at 
this possible polymorphism '."it.- Restriction enzyme 
cleavage site- C ctc, possible enzyme is MnH. other 
areas, that this enzyme cuts are: 97, 231< 278< j5? 
594, 609, 624, 639,-695, 796, 824, 891. 

Polymorphism 5: Frequency of ■ base change A to g at 913 
of entire expressed sequence is 80% A and 20V Q as 
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shown in two primers. Twenty- five percent of examined 
individuals are G. Amino acid change occurs in edited 
and edited all sequences from N to S . Restriction 
enzyme cleavage site=cmg/ckg where m=a,c and k=g,t; 
possible enzymes= MspAlI, NspBII or site= cag/ctg with 
enzyme PvuII. Other areas that cmg/ckg cuts 
are;cat/ctg: 65, 877; ccg/cgg: 177. 

Polymorphism 6: Base change C to A at 1052 of entire 
expressed sequence is included in edited all sequence 
because 4 out of 8 exhibic A 1 in primer -21M13 and C in 
primer 241.1. Amino acid change occurs in edited all 
sequence from D to E. Restriction enzyme cleavage 
site: gacn/nngtc, possible enzymes are Aspl,. AtsI, 
Tthllll. There are no other areas where this site 
occurs . 

Polymorphism 7: Base change T to A at 1068 of entire 
expressed sequence is. included in edited all sequence 
because 5 out of 8 exhibit A in primer -21M13 and T in 
primer -241.1. Four out of five individuals are the 
same ones changing as in ^Polymorphism 6 . Amino acid, 
change occurs in edited all sequence from Y to N. 
There are no enzymes to cleave near this possible 
polymorphism. 

Polymorphism 8 : Frequency of base change C to T at 
1142 of entire expressed sequence is 64% C and 36% T 
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as shown in * priners. Ho amlno acid oocuM ^ 

th ls possible polvmorphisn, site, sestriction en2yme 
cleavage site- t/c g a. possibie ^ are TagI ^ 
«*»„. There are no other areas ^ 

occurs . 

Polymorphism S: Frequency o£ base c Co R at 

!«4 of entire .jessed sequence is c Md 3fi4 ^ 

as shown in 4 primers . The ^ ^ 
Chan,. from the e wesssd MTO as ^ 
8 An am.no acid change occurs in edited and edited 
a!l se.juences fro. L to „. Restriction enzyme 
cleavage site.gcagc, possible an.vn.as are Bbl and 
Bst71I. Other areas tha- t-m. 

tha ~ thls enzyme cues are 258 and 

J D O . 



Polymorphism 10 : Frequency of base change G to A at 
1262 of entire expressed sequence is siH G and 43V A 
Sxx out of seven exhibit A. No amino acid change 
• occurs at this possible polymorphism site 
restriction enzyme cleavage site- cctc, possible 

enzyme is Mnll. The enzyme cleaves th„ ™ -, 

s the complementary 
~ but not the h D CP 2 . 0 enBan* seguence at this site 
o her areas that this, enzyme cuts are „,.. ni , 27s . 
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Amplification of human UCP2 exons containing 
polymorphi sms . 

The following primers are designed to amplify 
hUCP2 exons 4, 6, 7 and 8 from genomic DNA. Common 
amino acid variants are present in exons 4, 6, and 8: 
A5 5V is in exon 4, N190S is in exon 6, and L294M is in 
exon 8. N190S is expected to alter a PvuII site. it 
is expected that Ser 190 will cut and Asnl90 will not 
cue with PvuII. Primers for exon 7 have also been 
designed. 

Results: 

Exon 4: Both primer pairs l and 2 produce single 
bands of the expected size. 

Exon 6: Primer pair 2 (3219 - 3399) produces a single 
band of the expected 

* 

size. Primer pair 1 (3147- 3416) did not work. 
Exon 7: Primer pair 1 (4316-4594) produces a single 
band of the expected size. Primer pair 2 (4284 - 
4598) did not work. 

Exon 8: Primer pairs! and 2 both produce multiple 
bands, including ones of the expected size. 

PCR conditions: Clontech KlenTag plus polymerase is 
used. PCR conditions were 94°C 1 min, 94'C 30 sec, 
66'C 30 sec, 68°C 30 sec, repeat steps 2-4 29-times, 
4°C indefinate. Reaction volume was 25 ^1 in an MJ 
research PTC-200. 
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TGTCTACTCT GTTCCCTCCC C 



amplifies bp 1794-m ce v~ 
hUCP2g.e4fl f hUCP2g tendon) 

Forward 01ig O ; 5'> 
>> Length: 21 
>> Melting Temperature 
» Max AT Run Length: 
>> f C ^ cl * m P Strength: 

57 
1 
4 



<3 



60.5 



2 

57 



GGCCTACACC CTTGCTCC 



<3 



60. 6 



2 

45 



>> % GC Content; 
>> Hairpin Stern: 
>> Primer Dimer: 
>> No Palindromes. 
hUCP2g.e4rl 
Reverse Oligo: s< 
>> Length: is 
>> Melting Temperature- 
» Max AT Run Length : 
» GC Clamp Strength: 
>> % GC Content : e 7 
» Hairpin Stem: 2 
>> Primer Dimer: £ 

» Longest palindrome has 4 bases , 

» Product Size: 36 2 oase s (bases 1 to 4). 

» Annealing Temperature: 60 7 (r^ 

>> Melting Temperature- 
» Max AT Run Length 



<3 



59. 6 



1 
4 



"^jy UIj; 

» GC Clamp Strength: 
» * GC Content: 61 
» Hairpin Stem: 
>> Primer Dimer: 
>> v No Palindromes. 
hUCP2g.e4r2 . 
Reverse Oligo : s'f > 
>> Length: ie 
» Melting Temperature- 
>> Max AT Run Length: 
» GC Clamp Strength - 



2 
47 



TATGTGGAGG ACCAGGGC 



<3 



59.4 



3 

GO 
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>> % GC Content 



61 
2 
6 



>> Hairpin Stem: 
» Primer Dimer: 
>> No Palindromes. 
>> Product Size: 424 

» Annealing Temperature: 59. 9 (Try T =* 54.4) 

amplifies bp 3147-3416 of hUCP2g, Meudon~~~"~""*"""" 
hUCP2g.e6fl 

Forward Oligo : 5 - > CAAGACCATT GCCCGAAG ' <3 • 
>> Length: 18 

>> Melting Temperature: 60.2 
» -Max AT Run Length: 3 



>> GC Clamp Strength: 52 

56 
2 
6 



>> % GC Content; 
>> Hairpin Stem: 
>> Primer Dimer: 
>> No Palindromes. 
hUCP2g.e6rl 

Reverse Oligo : 5'> ATGGGGGAAG GGTGAGAC • < 3 • 
>> Length: 18 

>> Melting Temperature: 59.7 

>> Max AJ Run Length: 2 

>> GC Clamp Strength: 14 

>> % GC Content: 61 

>> Hairpin Stem: 2 

>> Primer Dimer: 4 

>> No Palindromes. 

>> Product Size: 269 

» Annealing Temperature: 59.2 (Try T- 54 7) 
-™"-------«™^ 

amplifies bp 3219-3399 of hUCP2g, Meudon 
hUCP2g.e6f2 

Forward Oligo: 5/> TTCCTCCTCC CCGATACTC <3 - 
>> Length: 19 . 
>> Melting Temperature: 59.0 

>> Max AT Run Length: 3 • - 

» GC Clamp Strength: 8 
» % GC Content: 58 
» Hairpin Stem: 2 
» Primer Dimer: 4 
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>> No Palindromes. 
hUCP2g.e£r2 
Reverse Oligo: 5»> 
>> Length: 18 
>> Melting Temperature: 
>> Max AT Run Length: 2 
>>.GC Clamp Strength: 21 
>> % GC. Content: 67 
Hairpin Stem: 2 
Primer Dimer:' . • 4 
No Palindromes. 
» Product Size: 180 
>> Annealing Temperature: 



CCCAGCACCG TCTACCTC 



<3 » 



59.2 



>> 
> > 



58.1 



(Try T = 



AAGTGGGAGG TGGAGGTG 



Forward Ol igo : 5 » > 
>> Length: 18 
>> Melting Temperature; 
>> Max AT. Run Length: 
>> GC^Clamp Strength: 

61 
0 
4 



54 .0) 



<3 



58.4 



>> * GC Content 
» Hairpin Stem 
» Primer # Dimer 
>> No Palindromes. 
hUCP2g.e8rl 
Reverse Oligo : 5»> 
>> Length: 22 
>> Melting Temperature: 
>> Max AT Run Length: 
>> GC Clamp Strength: 



2 

29 



AGCTACAAGA GAGGAGGAGA CG 



<3 



59.3 



>> %. GC Content 
>> Hairpin. Stem 
>> Primer Dimer 



2 

30 



55 
1 
4 



» Longest palindrome has 4 bases (bases V 
» Product Size: 520 leases 1 to 4) . 

>> Annealing Temperature: 



59.5 



(Try 



53.4) 



"°™ni£ i3 °L CAGTGAGGGA AGTGGGAGG 



<3 
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>> Melting Temperature; 60.7 

>> Max AT Run Length; 2 

>> GC Clamp Strength; 57 

>> % GC Content: 63 

» Hairpin Stem: l 

>> Primer Dimer: 2 

>> No Palindromes. 

hUCP2g.e8r2 

Reverse Oligo : 5 • > GGGGCAGGAC GAAGATTC <3 . 
>> Length: 18 

>> Melting Temperature: 60.6 

>> Max AT Run Length: 3 

>> GC Clamp Strength: 19 

>> % GC Content : 61 

>> Hairpin Stem: 2 

>> Primer Dimer: 6 

>> No Palindromes. 

>> Product Size: 457 

> ^Annealing Temperature: 60.1 (Try T 55.6) 

amplifies 4316-4594 of hTJ^g'^Mludln^"^^""^" 
hUCP2g.e7fl 

Forward Oligo ; 5 -> CTTGCCTGCT CCTCCTTG <3 . 
>> Length: 18 

>> Melting Temperature: 59.7 

>> Max AT Run Length: 2 

>> GC Clamp Strength: 35 

>> % GC Content; 61 . 

>> Hairpin Stem: 1 

>> Primer Dimer: 6 

>> No Palindromes. 

hUCP2g.e7rl 

Reverse Oligo: 5'> GGTGGTTCTC TCCCACCC <3 . 
>> Length; 18 

>> Melting Temperature: 60.3 

>> Max AT Run Length; 2' 

>> GC Clamp Strength: 57 

>> % GC Content: 67 

>> Hairpin Stem: 3 

>> Primer Dimer; 6 

>> No Palindromes. 

>> Product Size: 278 
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«™::^L!!-?:„ ure: s °- 4 ^ *- S4. 7 , 

r™ t H: ig °' 9 CCTTCTGGAA TGATGGGTG <3 . 

» Melting Temperature: 58 .9 
>> Max AT Run Length: 3 
» GC Clamp Strength :* 45 
>> %.GC Content: 53 
» Hairpin Stem: 2 
>> Primer Dimer: 6 
>> No Palindromes. 
hUCP2g. e7r2 

>:™ Mi9 °i e S '> «»c«»™ aerate 

» Melting Temperature: so 3 

>> Max AT Run Length: 2 

>> GC Clamp Strength: 25 

>> % GC Content: £7 

>> Hairpin' Stem: 2 

>> Primer Dimer: 6 

>> No Palindromes. 

>> Product, Size : 2 65 

» Annealing Temperature: 60 .3 (Try T - « „ 

EXAMPT.fi y 
Immune Cell Regulation of TJCP2 
(A) A tumor mast cell line, the Rat Basophilic 
Leukemia , cell (RBL) , is a model sysfcem f<w ^ 
i««un. system signal transduction. l n the RBL cell 
binding of an antigen to the IgE receptor on the cell 
surface results i» the activation of phosphol-ipase 
C-gamma ( PLCg, . This event leads to the activation of 
protexn kinase c (PKC) and an increase in 
intracellular calcium which are required for 
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degranulation and gene expression in RBL celis. 
Several drugs can mimic the intracellular events and 
degranulation occuring in this cell type in response 
to antigen activation of the IgE receptor. The 
inophore Ionomycin causes the release of calcium from 
intracellular calcium stores and the phorbol ester PMA 
is able to directly activate PKC. Both of these drugs 
are required to achieve maximal activation of RBL " 
cells. In order to determine the expression level of 
UCP2 in RBL cells, these cells were treated with 
Ionomycin <5mM)., PMA (SmM) or both drugs. A Northern 
blot of the RNA from these cells revealed a "4 fold 
induction of UCP2 expression in treated cells compared, 
to untreated control cells. Addition of Ionomycin, 
PMA or both drugs simultaneously resulted in'the same 
"4 fold increase in UCP2 expression. Since PMA and 
Ionomycin treatment do not cause an additive or 
synergistic expression of UCP2 , maximal activation of 
RBL cells may not be required for UCP2 gene 
expression.. 

(B) Bacterial lipopolysaccharide (LPS) regulates 
UCP2 mRNA in macrophages. Bacterial LPS is known to 
induce many of the features of infection, including 
fever. Thioglycolate elicited mouse macrophage 
(peritoneal exudate cells, PEC) have been studied for 
regulation ofUCP2 mRNA by LPS. It has been shown 
that PEC express UCP2 and that' LPS decreases 
expression by several fold over a 24 hour time course. 
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A study has also be made of UCP2 expression in 
cultured mouse macrophage RAW cells. These c-Us 
express UCP2 . Addition of 100 ng/ml LPS in si calf 
serum decreases TJCP2 mRNA levels by several fold after 
. . 24 hours. Lower doses of LPS are less effective, 
while shorter times produce smaller decreases. LPS 
seems, to be more effective at decreasing UCP2 in cells 
maintained in 0.5% serum than in 5% serum. The LPS" 
mediated decrease of UCP2 is not affected by 
indomethacin or by PGE2 . All f o the macrophage 
northerns are normalized for actin expression and have 
been repeated at least once. These data show that 
LPS, which is known to influence immune function and 
to promote fever, can also influence, immune function 
and to promote fever, can also influence UCP2 mRNA 
levels. The results are consistent with a role of 
UCP2 in immune function. 

UCP2 Promoter Activity 

A 24 6 bp putative promoter region for mouse UCP2 
was cloned upstream, of the chloramphenicol acetyl 
transferase gene in either the "sense" (also called 

or "forward- orientation) or the "antisense- ( or 
-or ...reverse- orientation) ... when transfected into 
differentiated mouse HIB- IB adipocytes CAT activity 
(conversion of substrate into product) is observed for 
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the "sense" (" + •») orientation, but not for the 
"antisense" ("-") orientation. (See Fig. 11) . 

EXAMPLE 
The Linkage Study 

Experimental D^ta-? i .„ . 

Sample. A total of 64 0 individuals (299 males and 341 
females) from 155 pedigrees were available for the 
present study. These were randomly ascertained 
families of French descent living in the Quebec city 
area and recruited to participate in the Quebec Family 
Study, a population-based study of the genetics of 
physiological fitness and body composition. The age 
of individuals in the sample ranges from 18 to 94 
years. 

4 

Phenotypes. BMI was obtained from height and weight 
measurements , (BMI -weight in kg/height in m) FM, fat- 
free mass and %FAT were determined from body density 
measurements obtained by underwater weighing using the 
conversion factor of Siri (Adv. Biol. Med. Phys . 4:239 
(1976)) . RMR was determined by indirect calorimetry 
measurements using an open- circuit indirect 
calorimeter with the ventilated hood technique (Derioz 
et al, J. Clin. Invest. 93:838 (1994)). Measurements 
were taken in the morning after an overnight fast, 
while subjects sat quietly in a seraireclined position 
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for Che 30 minute measurement period. The last 10 
minutes were kept for calculation of the RMR. The V0 2 
and VCO, data were converted into energy as recommended 
by Weir (J. Physiol. (Lond) 109:1 (1949)). The 
phenotypes were adjusted by sex, for age and age by 
regression procedures and RMR was further adjusted for 
FM and FFM. The residuals from the regressions were 
used for linkage analysis. 

Dm typing. Genomic DNA was prepared from permanent 
lymphoblastoid cells by the proteinase K and 
phenol/chloroform technique. DNA was dialysed four 
times, against TE buffer <l 0 mM Tris,- l mM EDTA pH 8.0) 
for 6 hours at 4°C and ethanol precipitated. 
Amplification (EasyCycler, Ericomp, San Diego, CA) was 
done in 9S wells microtiter plaques using 250 ng of 
genomic DNA 0.1 pmoles (D11S1321, D11S916) or 0.25 
pmoles (D11S911) of the forward primer coupled to the 
infrared tag IRD41 (Licor) and, respectively, 0.1 or 
0.4 pmoles of the reverse primer, 125 fiM dNTP * s , and 
0.3 U Tag polymerase. (Perkin Elmer, Roche Molecular 
Systems, Branchburg, NJ) in PCR buffer (100 mM Tris- 
HC1 P H 8.3, 15 mM MgCl„ 0.5 M KC1, 0.01% gelatin) for 
a final volume of io „i . PCR cycles consisted of l 
cycle at 93-C for 5 min., io cycles at 94»C for 20 
sec, 57'c for 60 sec, and 24 cycles at 94«C for 20 
sec, 52 °C for 60 sec, except for D11S911 for which 
the first annealing temperature was set at 55 °c, PCR 
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products were analyzed on automatic DNA sequencer (Li- 
Cor) using 18 cm glass plates. Typing was done 
assisted by computer (One Dscan, Scannalytics) . 

Linkage analysis. Relative-pair based methods were 

used to test for linkage between the phenotypes and 

the marker loci. In the presence of linkage between a 

marker locus and a guantitive trait (Y) , relative 

pairs sharing a greater proportion of alleles 

identical by descent (n) as the marker locus tend to 

have more similar phenotypes than pairs who share 

fewer alleles. Thus, under the hypothesis of linkage, 

a negative relationship is expected between n and the 

within pair variance.- The sib-pair linkage, method " '" 

described by Haseman and Elston is the most widely 

used method to investigate linkage between a' 
♦ 

quantitative phenotype and a marker locus. This 
method has been extended to other types of relative 
pairs. Tests of linkage which combine the information 
from different types of relative pairs were developed 
and these tests have been shown to be more powerful 
than the Haseman and Elston method based only on 
sib-pairs v ..This relative pair linkage analysis has 
been implemented in the program RELPAL which considers 
the following five, types of relative pairs: sibling, 
half-sibling, grandparent -grandchild, avuncular and 
first degree cousins. For each relative pair type, 
the statistic for testing. linkage is obtained by 
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dividing the estimated regression coefficient (ft) by 
its standard error. Because the number' (n) of 
relative pairs could vary among the different types of 
relatives depending on the complexity of the 
pedigrees, the contribution of each type of relative 
pairs needs to be weighted in the overall linkage 
statistic which combine information from all relative 
pairs. The linkage test implemented in RELPAL is : - 
\/c T Var(a)c 

where ft is a vector containing the fi. a for each of the 
5 types of relatives and c* is a weighing vector based 
.on n-and the variance of n and equal to: (Var(n,)n a , 
VarCnJn*, Var(n,)n„ Var (n.) n „ Var (n e ) n c ) , where' 
subscripts. s.h, g, a and c stand for siblings, half- 
siblings, grandparent-grandchild, avuncular and first 
degree covins, respectively. In the Quebec^ Family 
Study, since there are no half-sibs. only sibling, 
avuncular, grandparental and cousin pairs were used in 
the relative-pair linkage analysis. 

Result^ : . , 

A study was undertaken to investigate the 
potential linkage relationships between three 
microsatellite markers which encompass the UCP2 gene 
location on llq!3 with resting metabolic rate (RM R). 
body mass index (BMI) , percentage body fat ( %FAT) and 
fat mass (FM) in 640 individuals from iss randomly 
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ascertained pedigrees from the Quebec Family study. 
Using a linkage analysis strategy based on sibling 
avuncular, grandparental and cousin pairs,' strong ' 
evidence of linkage was found between the marker 
D11S911 (p-0. 000002) and RMR with more moderate 
evidence for DUSWfi .. (p. 0 . 00S) and D11S1321 (p=0.02) 
Suggestive evidence of linkage was also observed 
between D11S1321 and %FAT (p=o.04) and FM (p=0.02). 
It is concluded that the three markers encompassing 
the UCP2 locus and spanning a 5 c M region on li ql3 are 
linked to resting energy. expenditure in adult humans. 

The mouse ucp2 gene was recently mapped to 
chromosome 7, closely linked to the tubby mutation, « 
mutation known to be responsible for the adult-onset 
obesity in this mouse model. Furthermore, the UCP2 
n*NA level was found -to be higher in the A/j mouse 
strain,' which is resistant co diet - induced obseity, 
than in the obesity prone C5/BL/6 J. mouse . The 
evidence accumulated thus far on animal models 
indicates that the UCP2 gene plays a role in the 
development of obesity because of its role in energy 
metabolism. The human UCP2 gene has been mapped to 
chromosome. n q i3 at a location distinct from tubby 
(11P15.1) but in the same chromosomal location as the 
Bardet-Biedl Syndrom locus (Online Mendelian 
inheritance in Man, OMTM, Center for Medical Genetics 
Johns Hopkins Univ.", (Baltimore, MD) and National 
Center for Biotechnology Information, National Library 
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of Medicine (Bethesda, MD) (1986), WWw'urL: 
http://www3.ncbi.nlm.nih.gqv/oinim/), a Mendelian 
Syndrome exhibiting obesity as one of its clinical 
features. UCP2 is also in the proximity (about 15 cM) 
of a locus (Ilq21-q22) recently uncovered through a 
genome-wide search and found to be linked to percent 
body fat in Pima Indians. To test the hypothesis that 
markers, around the UCP2 gene may exhibit a linkage - 
relationship with metabolic rate and body fat 
phenotypes, three markers (D11S91G, D11S1321 and 
D11S911) were typed on 640 individuals from 155 
pedigrees from the Quebec Family Study. Linkage 
studies were undertaken with RMR, BMI, %FAT and FM 
using four types of relatives. RMR was adjusted for 
the effects of age, sex, FM arid fat-free mass, whereas 
BMI, %FAT and FM were adjusted only for age and sex 

4 

effects . 

Table 3 presents the linkage results with the 
number of relative pairs available in each case. 
Strong evidence of linkage was observed between the 
DHS911 and RMR while more moderate evidence for 
linkage was found for the other two markers.. As there 
were few pairs of first degree cousins, the same 
analysis was repeated after removing these pairs . In 
the latter case, the p-value for linkage between 
D11S911 and RMR (n-212 pairs) was reduced to p=0.001, 
while the one between D11S91S and RMR (n=279 pairs) 
went from p=0.006 to p=0.02. Evidence of linkage 
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between D11S1321 and *FAT (p-o.04) and PM (p=o.02) was 
also found. No linkage was observed, between the three 
markers and fat-free mass in this population. 
Overall, these results indicate that the UCP2 gen e 
which is encoded within the 5 cM span covered by these 
markers, plays a role in determining resting energy 
expenditure in humans. 
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Table 3. Relative-pair linkage analysis of resting metabolic rate and body fat variables with 
markers encompassing the UCP2 gene in the Quebec Family Study 



MARKER 


HZ 


cM 


RMR 


' BMI 


%FAT 


FM 


D11S916 


0.72 


78 


0.006 


0.27 


0.50 


0.11 








- (301) 


(415) 


(304) 


(304) 


D11S1321 


0.64 


79 


0.02 


0.36 


0.04 


0.02 








(380) 


(537) 


(383) 


(383) 


D11S911 


0.85 


83 


0.000002 


0.38 


0.23 


0.26 








(240) 


(324) 


(243) 


(243) 



Based on four different types of relative pairs: siblings (165-275 pairs)- 
avuncular (47-134 pairs); grandparental (45-94 pairs); first degree cousins 
(22-34 pairs). The entries are the p-values with total number of relative 
pairs given in parentheses. HZ: heterozygosity; cM; distance in 
centimorgan. 



All documents cited herein are incorporated in 
their entirety by references. 
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What is claimed is: 



1. A method of treating a disease or disorder 
associated with diminished UCP2 expression or activity 
comprising administering to an individual in need of 
such treatment an amount of an agent that enhances 
OCP2 expression or activity sufficient to effect said 
treatment . 

2. The method according to claim l wherein said 
disease or disorder is obesity, diabetes, syndrome X, 
or hypothermia. 



3 . The method according, to claim 1 wherein said 
disease or disorder is hyperinsulinemia or glucose 
intolerance. 
* 

4 . The method according to claim 1 wherein said agent 
is an expression construct comprising a UCP2 encoding 
sequence or portion thereof that encodes functional 
UCP2. 



5 . A method of treating a disease or disorder 
associated with elevated UCP2 expression or activity 
comprising administering to an individual in need of 
such treatment an amount of an agent that inhibits 
UCP2 expression or activity sufficient to effect said 
treatment . 
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6. The method according to claim 5 wherein said 
disease or disorder is wasting, anorexia, 
inflammation, cachexia, fever, or hyperthermia. 

.7. The method according to claim 5 wherein said agent 
is an oligonucleotide that specifically hybridizes to 
UCP2 mRNA or an antibody, or binding fragment thereof, 
that is specific for UCP2 . 

8. A method of screening a compound for its ability 
to modulate UCP2 expression or activity comprising 
contacting a cell that expresses UCP2 with said 
compound under conditions such that modulation of UCP2 
expression or activity can occur and measuring DCP2 
expression or activity in the presence and absence of 
said compound and determining whether modulation is 
effected. ' 



9. Isolated mammalian UCP2, or fragment thereof of at 
least 5 amino acids. 



10. The DCP2 according to claim 9 wherein said UCP2 
is human UCP2 . 



11. The UCP2 according to claim 10 wherein said UCP2 
has the sequence shown in Figure 1A. 
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12. An isolated nucleic acid sequence encoding 
mammalian UCP2, or portion thereof at least 15 
nucleotides in length. 

13. The nucleic acid according to claim 12 wherein 
said nucleic acid encodes human UCP2 . 

14. The nucleic acid according to. claim 13 wherein 
said human UCP2 has the sequence shown in Figure 1A. 

15. A recombinant molecule comprising a vector and 
the nucleic acid according to claim 12. 

16. A host cell comprising the recombinant molecule 
according to claim 15. 

t 

17. A method of making UCP2 comprising incubating the 
host cell according to cl aim 16 under conditions such 
that said nucleic acid is expressed and said UCP2 is 
thereby produced. 

18. An antibody specific for UCP2 or antigen binding 
fragment thereof. 



19- An antisense construct comprising a vector and 
nucleic acid operably linked to a promoter," wherein 
said nucleic acid is oriented with respect to the 



a 
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promoter such that the transcript of the nucleic acid 
selectively hybridizes to UCP2 mRNA. 

20. A host cell comprising the construct according to 
. claim 19. 

21. The cell according to claim 20 wherein said cell 
is a mammalian cell. 
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Fig. 1D. 

Partial sequenc of human UCP2 gene , derived from hUCP2-g1 clone 
pSU04 

ATGAAAATCTGAGCAAATCTCGAC^^ 

CTGATATGTTGCTATAGGTGCTGAACGAGGATGGGTACTCCTCCACCATCAAGGACA^GA 

^GGQGACCAGGTGAGGGGGGAAGAAGCTGACTCAGGTCAGTCACTGAGCTC 

pSUB12sp6 

GG I^ G J GGATCAC ^ GAGGTCA GGAGTTTGAGACCAGCCTGGCCAACATGGC^ 

CGTTTCTACCAAAAACACAAAAATTAGCCAGGTATGATGGTGTATG^ 

TACTTGGGAGGCTGAGGCAGGAGAATCGCCTGAACCTGGGAGAG 

ATTGCACCACTGCACTCCAGCCTGGGTGACAGCAAGTGAGACTCTGTCTCAAAACAA^C^ 
pSUB14sp6 

TCCCTGTTCTTGTCACCTGCACTCAGAGGCAGGTGGGCAGGGGTACTACAATTTCAAGGA 

GTGGAGACTGTGAGGTCCTGGAATCCCAAGGCATCTCCTATAGGGCTGG^GCCC^AAT 

WGTCACTCAGACCCAGTTTGTAGGTGTCTGAAGAAACTGAGGCCTGACACAGGTGATO 

5^ G - G i^f GAA ^ A P^^ AGAAA ^^^ A ^^^GAACTGGGACCGGGACCCAGTCCTCCTTCC 

CCTTGTGGACTCCCCCAGAGACCAGTGCTGGGGTCCTTGGGGAAGCCTGTTTGGCAGCTG 

pSUBl4t7 

GGATCCCCAGTGTGCTACTAGCCAGCTGTGTGCCTTTGGGCAAATCACTTCACCTCTCTG 

AACCCGTTTCTTAAAGCTTACAGCCCCTACCTTGCAGGCCT7TCATGGAAACCAGATGGT 

GAGGCATGAAATGCTCTGGGGCAGGACTCAGGTGGAGTGGGATGGTGAGAGCTGCCCTCT 

G T!?. . GTAGGGCAGCAGGAAAGCCTACT CCTTATCTTGAAGGAAGCCTGGGTCTTGGG 
pSUB23sp6 

GGATCCCTAATGTTCCTTCCAAGGAACAGAGCCTTAGCCTTACAGTGCTfCTGTGAACAG 
GCAGCCCAGGGACTGTCCCCATTTTACAGAGTGGGAAATGGGGGCCCAGAGAAGAAAGGG 
ACTTGCCCAGGGCAAGAACATGGGAGCTGAAAGGAGATCCCAGTCTGAACTCCAGTGTTT 
TCCTGATTTTCTTCAGTGCTTCTCAGAATAAAGCCCAATTACAGGAGCTACTCAGAAACC 
ATTTAATCATAATMTTTTATTTATTTATGTATTTATTTATTTATTTATTTTTATTTTGA 
GATGGAGTCTCACTGTCGCCCAGGCTGGAGTGAGGTGGCATGATTTCAGCTCATTGCAGC 
CTCCACCTCCTGGATTCAAGCAATTATCCTGCCCCACCTCCTGAGTAGCTGGGANTACAG 
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Fig. 1D. (continued 1) 

pSUB23t7 

G .?.?.^ ^7 ^ G< ' GAAGAAG G ATNGG GTTC ACAAAAAAAAGTTGTCCTTCNCCCCTGC^ 
pSUB5t7 

ATCA^TAG^TAAATGTTACCTTATCTAAQAAGTCCTTAGGTTTTTT^ 

ttttt^gagacaaggtctcactctctcacccagactggagcacagtggS 

J?^CTGCAG^CCTCAACCTCCTGGGCTCAAGCMTCGTCCCAAGTA 
GGCCTGCACCACCATGTTCAGCTAATTTATTTTATTTATATTTTrAAAAGGT^^^ 
^GCCTGCTGGTCTTGAATCCTGGTTCAACATCTCCCACC fAAAAGGTCTCATTAT 

ex12 

G ^5:T? ACATCGG ' mC ^^ 

^ GG ^ GGTGAemGGGGATGGTGAG CAGGGAGGGCCTGGGGACAS^ 
GGGGCTTTTCTCCTCTTGGCTTAGATTCCGGCAGAG 

ATTAMQGTGCCCCTGTCTCCAQTTTTTCTCCATCTCCTGQGA^ 

^™ GGG ^ CAAGGCC ~ 

o? G A V A S A ^ GTGAGGGGATGAAGCCTGGGARTC ^GATGGTGTCTACTCTGTTCCCTCCC 

CAA £ GAGACAGACCCCTCAA ^ 

GGGGAACATGC ™ TCCCTGTAG ^ 

? AGGGGCG ^ 

A S GA J GG I GCGTACTGA ^ 

CGCCAWGAGCTTTGCCTCTGTCCGCATCGGCCTGTAT^^ 

ACCAAGGG ^I CTGAGCGTGAGTATGGAGCAAG G GTGTA GGCCCCTTGG^ - 

AAGATCAGGGGGAACAGAGAACTGGAAGGGGCCCTGGTCCTCCACATAGTTCCTAAGCAC 
CTGGGCTATACCAGGCTCTGAGCAGGGCGTCA^^ 

AC ^.?I° CA I377 ACACATGACG ^ 

I?J^^? G ^P ^ AGG ^ AAA ^ GAAAA TGTTTTATGAAAGAAAGCACCAAGTTTCAT 
^ GG T C ™ GCCC ^ GCTATGTC CCTAG^^ 

II^^I GAGQAG ^ CmCAGCAAGAGC ^ GTAGAAGG CCAAAAGCTTCTGGATTCTAA 

T CGCAAA ^ GCAGGAGATGACAQTGACAGG GTGGTTTTGGTGAGGAGAGATGAGGTAGAAA 

ATGAGTGCAAGCCCGCTGGCCACTGACCCCATGGCTCGCCCACAGATGCCAGCATTGGGG 
CNTNCCNTTGG 
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ex34 



ex56 

TGACTACAGGCATGCACACTGTGCCTGGCTAATTTTNGTATTTTGTAGAC^^ 
! CCA ^ AGAAGTC ^^ 

AAA ^^ AAAACTCGTAGC TACTTAAGTMTTCTCCTGCCTTCTGGAATO^^ 
GA !^ GAC J GCC ^ GCG TGCTCCT^ 

gcctttggggcaggcttctgcaccactgtcatcgcctcccctgtagacgtggtcXIgacg 

AGATACATGAACTCTGCCCTGGGCCAGTACAGTAGCGCTGGCCA^ 

^ C o Gaaggagggccccgagcc ^ ctacaaaggg tgagcctctggtcctccccacS 

T^^^^^^^^^" 1 "^^ " r> ^" rG C ATGTCTATTATG GGTGGC3AG AG AA CC AC C^G^SvAGT^AGT^ 

AGCAGCCAAGTGTGACTAmCTGATCCTGGTCGTGGCATTTCACCAGCAT^SSrc 
CCCTTAATTCCirCCTCCCAGAATTGCTACCATCACTGTTTATTAGGTGTT^TGGALZ 

9X? a , aagg ^ a ^I tga ^ g ^^atagccaAgcagctgtgagctcagttcattgagtcctccc 

^Ao3^yr rGGGACAGAGCAACTGGG ^ GGA ^ G AATACCAGGCCCAGTGAGGGAAGTG 

GGAGG X GGA ^ 

^ a io^z gcctgcac ^ cccgaqaggctcccttctgag cctctcctgctgctgacctga 

t^^ctggctttgtctctagccgggccatgc^ 

ci^cccttctctccttccctc^ 

? C SS?^T^ CTACA ^ CTCATCTACTCA ^ GTCT ^ 

GACAGTGTGGGAGGCCTCGTACCAGCCAGGATCCCAAGCGTCCCGTCCCTTGGAAAGTTC 

A ^ G ^JS A ^? ^^ G ^^^ G ^ G ^^QTAGCTCTTACCAGAGGTCTTGGTCCAAT 
GG ?^ni^ GGTACCTGGTGGGCAGGGG AG6MCCACCTGACTTTGAAAATGGGTGTGAT 
^ CA ^ C JZ ^^ CAGGA ^ GCAAT ^^ GAAG ^^^ G ^ G ^ AGG ^ATCTGGTCCATTTCTCT 

cc'tccc^c^ 
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Fig. 1E. 



LOCUS hUCP2 .genebank 1612 bp 

DEFINITION hUCP2. genebank, 1612 bases. 



1 TGACTGTCCA CGCTCGCCCG GCTCGTCCGA CGCGCCCTCC GCCAGCCGAC 
51 AACACAGCCG CACGCACTGC CGTGTTCTCC CTGCGGCTCG GACACATAGT 
101 ATGACCATTA GGTGTTCGTC TCCCACCCAT TTTCTATGGA AAACCAAGGG 
151 GATCGGGCCA TGATAACCAC TGGCAGCTTT GAAGAACGGG ACACCTTTAG 
201 AGAAGCTTGA TCTTGGAGGC CTCACCGTGA GACCTTACAA AGCC GGATTC 
251 CGGC GAGT TC CTCTATCTCG TCTTGTTGCT GATTAAAGGT GCCCCTGTCT 
301 CCAGTTTTTC TCCATCTCCT GGGACGTAGC AGGAAATCAG CATCATGGTT 
351 GGGTTCAAGG CCACAGATGT GCCCCCTACT GCCACTGTGA AGTTTCTTGG 
401 GGCTGGCACA GCTGCCTGCA TCGCAGATCT CATC AC CTTT CCTC TGGATA 
451 CTGCTAAAGT CCGGTTACAG ATCCAAGGAG AAAGTCAGGG GCCAGTGCGC 
501 GCTACAGCCA GCGCCCAGTA CCGCGGTGTG ATGGGCACCA TTCTGACCAT 
551 GGTGCGTACT GAGGGCCCCC GAAGCCTCTA CAATGGGCTG GTTGCCGGCC 
601 TGCAGCGCCA AATGAGCTTT GCCTCTGTCC GCATCGGCCT GTATGATTCT 
651 GTCAAACAGT TCTACACCAA GGGCTCTGAG CATGCCAGCA TTGGGAGCCG 
701 CCTCCTAGCA GGCAGCACCA CAGGTGCCCT GGCTGTGGCT GTGGCCCAGC 
751 CCACGGATGT GGTAAAGGTC CGATTCCAAG CTCAGGCCCG GGCTGGAGGT 
8 01 GGTCGGAGAT ACCAAAGCAC CGTCAATGCC TACAAGACCA TTGCCCGAGA - -■ 
851 GGAAGGGTTC CGGGGCCTCT GGAAAGGGAC CTCTCCCAAT GTTG CTCGTA 
901 ATGCCATTGT CAACTGTGCT GAGCTGGTGA CCTATG AC CT CATCAAGGAT 
951 GCCCTCCTGA AAGCCAACCT CATGACAGAT GACCTCCCTT GCCACTTCAT 
10 01 TTCTGCCTTT GGGGCAGGCT TCTGCACCAC TGTCATCGCC TCCCCTGTAG 
1051 ACGTGGTCAA GACGAGATAC ATGAACTCTG CCCTGGGCCA GTACAGTAGC 
110 1 GCTGGCCACT GTGCCCTTAC CATGCTCCAG AAGGAGGGGC CCCGAGCCTT 
1151 CTACAAAGGG TTCATGCCCT CCTTTCTCCG CTTGGGTTCC TGGAACGTGG 
1201 TGATGTTCGT CACCTATGAG CAGCTGAAAC GAGCCCTCAT GGCTGCCTGC 
1251 ACTTCCC GAG AGGCTCCCTT CTGAGCCTCT CCTGCTGCTG ACCTGATCAC 
1301 CTCTGGCTTT GTCTCTAGCC GGGCCATGCT TTCCTTTTCT TCCTTCTTTC 
1351 TCTTCCCTCC TTCCCTTCTC TCCTTCCCTC TTTCCCCACT TCTTCCTTCC 
1401 GGGCTCCTTA ACCTACCAAC CTTCCCTCTT TCAACATTCT CATCTACTCA 
1451 TTGTCTCAGT GCTGGTGGAG TTGACATTTG ACAGTGTGGG AGGCCTTGTA 
1501 CCAGCCAGGA TCCCAAGCGT CCCGTCCCTT GGAAAGTTCA GCCAGAATTT 
1551 TTGTCCTGCC CCCGACAGCC CAGCCTAGCC CATTGTCATC CATAAAGCAA 
1601 GCTCAACCTT GG 
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hUCP2.CDSFl 

Forward Oiigo: 5*> CATCTCCTGG GACGTAGC <3' 
» Length: 18 

» Melting Temperature: 56.6 
» Max AT Run Length: 2 
» GC Clamp Strength: 42 
»%GC Content: 61 
» Hairpin Stem: 2 
» Primer Dimer: 6 

» Longest palindrome has 4 bases (bases 12 to 15). 
hUCP2.CDSRl 

Reverse Oligo: 5'> GGAGAGAAGG GAAGGAGGG <3 r 
» Length: 19 

» Melting Temperature: 60. 1 
» Max AT Run Length: 2 
» GC Clamp Strength: 57 
» % GC Content: 63 
» Hairpin Stem: 0 
» Primer Dimcr: 0 
» No Palindromes, 

» Product Size: 1098 

» Annealing Temperature: 59.4 Try T - 5 1 .6 



Pair 2 

hUCP2.CDSF2 

Forward Oligo: 5> AGGTGCCCCT GTCTCCAG <3* 
» Length: IS 

» Melting Tcmperarure: 6 1 3 
» Max AT Run Length: 1 
» GC Clamp Strength: 32 
»%GC Content: 67 
»HairpbStem: 2 
» Primer Dimer: 6 
» No Palindromes. 

hUCP2.CDSR2 
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Fig. TF. (continued 1) 

Reverse Oligo: 5> TCAGGTCAGC AGCAGGAG <T 
» Length: IS 

» Melting Temperature: 53-7 
» Max AT Run Length: 1 
» GC Clamp Strength: 32 
»%GC Content: 61 
» Hairpin Stem: 2 
» Primer Dimcr: 6 
» No Palindromes. 



» Product Size: 1043 
» Annealing Temperature: 60.1 Try T = 53.7 



Pair 3^ 

hUCP2.CDSF3 
Forward Oligo: 5> CATCTCCTGG GACGTAGC <3' 
» Length: 18 

» Melting Tcmperacure: 56.6 
» Max AT Run Length: 2 
» GC Clamp Strength: 42 
»%GC Content: 6i 
» Hairpin Stem: . 2 
» Primer Dimer: 6 

» Longest palindrome has 4 bases (bases 12 to 15). 
hUCP2.CDSR3 

Reverse Oligo: 5'> AGAGAAGGGA AGGAGGGAAG <3' 
» Length: 20 

» Melting Temperature: 58.9 
» Max AT Rim Length: 2 
» GC Clamp Strength: 47 
»%GC Content: 55 
» Hairpin Stem: 0 
» Primer Dimer 0 
» No Palindromes. 
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Fig. 1F. (continued 2) 

» Product Scar: 1096 ^ ...... 

» Anneaiing Tempera aire: 59.4 Try T- 51.6 



Pair4 

hUCP2.CDSF4 

Forward Oligo: 5*> CATCTCCTGG GACGTAGC <3 f 
» Length: 18 

» Melting Tcmpcrarure: 56.6 
» Max AT Run Length; 2 
» GC Clamp Strength: 42 
»%GC Content: 61 
» Hairpin Stem: 2 
» Primer Dimen 6 

» Longest palindrome has 4 bases (bases 12 to 15). 
hUCP2.CDSR4 

Reverse Oligo: 5^> AAGGAGAGAA GGGAA.GGAGG <3' 
» Length: 20 

» Meltiiag Temperature: 58.9 
» Max AT Run Length: 2 
» GC Clamp Strength: 43 
»%GC Content; 55 
» Hairpin Stem: 0 
» Primer Dimen 0 
» No Palindromes. 



» Product Size; 1100 

» Annealing Temperarurc: 59.4 Try T= 51.6 



Pair 5 

faUCP2.CDSF5 

Forward Oligo: 5'> AGGTGCCCCT GTCTCCAG <3' 

» Length: 18 
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Fig. 1 F. (continued 3) 

>> Melting Temperature: 6 1 3 
» Max AT Run Length: 1 
» GC Clamp Strength: 32 
»%GC Content: 67 
» Hairpin Stem: 2 
» Primer Dimen 6 
» No Palindromes. 

hUCP2.CDSR5 

Reverse Oligo: 5*> AGGAGAGAAG GGAAGGAGG <3' 
» Length: 19 

» Melting Temperature: 57-4 
» Max AT Run Length: 2 
» GC Clamp Strength: 43 
»%GC Content: 58 
» Hairpin Stem: 0 
» Primer Dimer: 0 
» No Palindromes. 



» Product Size: 1125 

» Annealing Temperature: 60.8 Try T = 52.4 
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Fig. 3A. Human 
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Fig. 3B. 
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Fig. 6. 
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2t 



UCP2mRNA j. 
(fold change) 

0- 





Media TZD/RXR 



HlB IB cells grown in DMEM + 10% charcoal-stripped serum (jM'edid) 
or with the addition of the thiazolidine dione BRL 49653 and the RXRa 
Iigand LCD- 1069 ( TZD/RXF). The results arc the average of 2 
independent experiments of 4 samples each. V significandy different 
from Media samples, p < 0.001. 
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Map of the mouse UCP2 gene. 
Clone "MMU2-L2" (insert 13.9 Kb) deputed at Pasteur Institute 
(Registration number: 1-1868, 04.16.1997) 
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MAP OF THE HUMAN UCP2 GENE ~ 
clone hUCP2-g2 

Fig. 10A. 

sequence 1 

GGATCCATCCATCTTTCCTGCCAGTGCAGAAAATTGCATGGGTCATTCAC 

CTATTAGTTATTGAACAGCCTCGTCTCCCTTGTGCCCAACTCACAGTCTG 

GCACTGGACAGGTTCCTAAGGTGCCTTCTAAATAGGAGAGCCATGGTGAC 

CCTCCTCAGCCCCACCTTTGGCCCTGACCCTCCCTAGGCTCTCACCTGCT 

GCACTGTGGAGGTGAGGACCCTAGATGACCGTCTGCTCAACATCCCCATC 

AATGACATCATCCAGTGAGTCCATCTGCCTTGGGCCCCAGTAGCCAAGAG 

AAGGGCTAGCCTGGGATTTAGGTGGTAGTGTGACAGGTCTGCCCAGTAGA 

GTTGTACAGGCTGCCCCCAGCAGAAGGGTTCCCTGCTGAGGGGATaGAGA 

gGACCAAAACTGAACCcACACTGGCCAAGCTGTGGGCTGCAATCACCTGG 

CAAAAGGAAcATCTTTTTCTAATCCACACAaAGCCACTGgCAGAGgCTAA 

AGGCCCCATTGTTGGGCAACCTGTTACCTCCATGCCCTGCCAAACTTCTC 

ATAGAATTCTGAATTNGCTTATCCNAAGTTCCTTTTCCAGAAAGGGCCTC 

TGCCCGTGAAGAAGTTTGCCTGGCACCCACAC 

Fig. 10B. 

sequence 2 

GANGAACCACCGGcGCGTTcGTTcGCAGGAGGTTGGTTAgTTTGCCcAGG 

GGTAAGGGGGGcTGGGCCCATAAAAGAGGAAGTGCAAcTTAAGACACGGC 

CCCcGTTGGACGcTGT-tAGAAACCTTCcTGGGTTGGGAAGGCAAGAGGTG 

TGTGACTGGACAAGAATTGTTTcTGGGCGGTCAgTCTTGCcATCcTcACA 

GAGGTTGGCGGCCCGAGAGAGTGTGAGGCAGAGGCGGGGAGTGGCAAGGG 

AGTGACcATcTCGGGGAACGAAGGAGTAAACGCGGTGATGGGACGCACGG 

AAAACGGGAGTGGAGAAAGTCATGGAGAGAACCTTAGGCGGGGCGGTCCC 

CGCGGAAAGGCGGCTGCTCCAGGGTCTCCGCACCCAAGTAGGAGCTGGCA 

GGCCCGGCCCCGCCCCGCAGGCCCCACCCCGGGCCCCGCCCCCGAGGCTT 

AAGCCGCGCCGCCGCCTGCGCGGAGCCCCACTGCGAAGCCCAGCTGCGCG 

CGCCTTGGGATTGACTGTCCACGCTCGCCCGGCTCGTCCGACGCGCCGTC 

CGCCAGCCGACNGACACGGCCAAACGAAAGGNNCCNNNNNCCCTGCggCt 

CGCGNACCCCACGCTTGTTCTGCGTGCGCTGCCCGCTCTTCCATTTACCT 

TCTCTCCCACCCAAgTTTGTACTCTCTTCTCTCTCTCGGTGTTATATTTT 

GTGTTTGTGTGTGTGTgTGAGACAgGCGCTCGCTCTGTCTCCCACGCTGG 

AGTGtcAGTGGCGCGATATCgGCTCACTGCAGaCTCCACCTCCCAGGTGN 

AAACGATNCGCCTGCCGAGTATCTGGGATaACAgGCGCCCGCCACCACAC 

CCTGGcTAAtATTTNTGTGTgTTTGTANAANATAGGGTgTTCGCCCACGT 

TgGtgCAgGCTGGNCTCTO\ANTTGCTGAGATTCAAgCAATNTGCCCGCC 

CTCGGNGCTCACAAAAAGTCNCTANAAANTTTAGGCGTGAAACCCCCCGG 

TNNNGGGCTGTTGCTAAANCNCCTCNTGTCCCTGGGGNCTCTAAAANCTN 

CTNCACTCCTCTTTCCTCAATCCCCTTGTTCTTTTCCCCCNCCCGCTCAA 

TTNGNNGGTNNTTTGANNCNCCNCCTTTTNAATNCCCNCCTTTN CANAAN 
NAAAACTAACC 
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Fig. 10C. 

sequence .3 

ATTGGCCTTGGGNAGGGCCNGGTTCCCAGNCCTTTCCAAACTTTCTTHA 

CAGCCCGGACGNGGGGACNTAAGCCAATTTCCGGGGAGAGTTTNTGGTC 

CCANTGGNGACCCCCTTNAAAAATTTTCCNATTNACCAAAGTNTGATGG 

ACTGNGTTAGGGGGTGCTTATATAGAGTACTGAGTGTAACAAAAGCAGA 

AGTCTGGATGAGAACCCAATTTGTGATATTAAGCAGGTGGGGTGGGGGT 

GGGGAGTGTACCTAGGTTCATTTTCCGCCNTGCTTNTCCCCTTTCCAGT 

GTGTGCACTTAACCAGTTCCCTGGGCCCTGTTCCCCATCCCCCTCCAAG 

GCATGGATTGGGTGGGCTTGTGTGTCTTGGGGCAGGTGGCCCTTTCTAA 

ACTCTCTGCCTTTGCTCACCCACAGGACACATAGTATGACCATTAGGTG 

TTTCGTCTCCCACCCATTTTCTATGGAAAACCAAGGGGATCGGGCCATG 

ATAGCCACTGGCAGCTTTGAAGAANGGGACACCTTTAGAGAAGCTTGAT 

CTTGGAGCCCTCACCGTGAGACCTTACAAAGCCGGGTAAGAGTCCAGTC 

CAAGGAAGAGGTCTCTTGCTGCCTCCTAACCCTGTGGTCTAGGGGCAGG 

AGTCAGCAGGGCATTAACAAAAATAATTACCATCCCCACCCCCGACAGT " 

GAAGTGGCTCTTTCCAGTTCACAGAGCACTCTCACACCTCCCCGCTCTC 

ATTCTGGCCCTTCAGCTGACTCGGACAAGCCAAGGATCTTGGTCCCCAT 

TTTATAAAGGAGAAAACTGAGGCCCNCGTGTNACAGTGATTGGCCCCAA 

GTCATCCCGGGAGCCAGCAGAAGAGCTAGGACAGGAACCTATTGTTCTA 

ACTTCATATTGATGCTAGCTTTTGACTATCCCTGAAACCGAAATTGGTT 

ATCAGCCCGGCTCTGAAACTGGTTATTTGCTGGGGACTGTTAAATAGGA 

TTAACTATTTCTATTCCTGCATTTTAATTGCTGTTAGTAGGGCAGCTTA 
CGACCCTCC 

Fig. 10D. 

sequence 4 

TTCACTGAGCCTCGTGGGCAAGCTGGAGGGAAACAGGAATAAGTTCAGGC 

CCTGTTcTATAGGTCCCAGTGTAGTTGCTATGGTGAGTATcTTCATTTCC 

CTGCTTGCCCCAGCCACCTGGAGTGAGAAGCCCAAGAGGAAGCTGGGTGA 

GCTGTTTGTTTCCATGGGTCTCTGTGTTCACAGCTGACTCCCTTCACCAG 

CCAGCCCTTTCACCTGAGCCCCAGCAACAAAGGCAGTCAGGCGGGGCTCA 

AAGCAGCTGCTCCAATGAAGTCAAAGAAATAAGCTCAGGGGAAGAAGCAG 

GTCACCCTCCCCCACTAGGGTGCTGGGCTCACTTCCTCCTGGGGCAGTGG 

AGGAGGGTGTGGTTCCAACTCAGAACAAAATGGGGCTTTTGGTTTACTTT 

ATCACTCTTCACAGCTCTGACCTGGACCCCTCATGCCCTGCCTGTCTTGT 

GGTGTAAGTGCGGATCCCCCTAAGTTGGAGGAAAGGAAACTGGCCCAAAC 

AAAAAGGAGAGCAGTTTTCTCTGCATCACATGGTAGGCCAGGAGGAGTCT 

AATGCCCCAGAGTTTACTCTCAGCCCCCAAAATCACCTAGCTAAATGTTA 

CCTTATCTAAGAAGTCCTTAGGTTTTTTGGGGTTTGTTTTTTTTTTTTTT 

GAGACAAGGTCTCACTCTCTCACCCAGACTGGAGCACAGTGGCACAATCA 

CAGCTCACTGCAGCCTCAACCTCCTGGGCTCAAGCAATCGTCCCAAGTAG 

CTGGGACTATAGGCCTGCACCACCATGTCCAGCTAATTTATTTTTATTTA 

TATTTTTTAgACAGGGTCTCATTATGTTGCCCTGGCTGGTCTTGAACTCC 

TGGGTTCAAgCAGTCCTCCCACCTCTGCCTCCCAAAGTGCtAGGTTTTTT 

TttGTTTGTTTGTTTGTTTGTTTTTTGAAACAGAGTcTTGcTCTGTCGCc 

TAGGCTGGAGTGCAGTGGCACgATCTCAGcTACTGCAACcTCCACcTCcT 

GGGTTCAAGTGATTcTCCTGCCTCAGCCTCcTAAGTAgTTGGGAATACAG 

GCGTGTGCCAACACACCCAGCTCATTTTtGTATTTTTAgcGGAgATGGGG 
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Fig. WD. (continued 1) 

TTTTGCCATGTTGGCCAAGCTGGTCTCAAACTCCTGAcCTCAGGTGATTC 

GCCCGCCTCAGCCTCCCAAAGTGCTGGGTTTACAGGCGTGAGCCACCACA 

CCC^GCCC^GAAgTcTTTTcTGATcACCC^cTCTTCcTTCTCTCCCAAt 

GGCATtAgTtGTTCCCTCCTTTGCATTTTGAGAGTATGTCCtGTAAGCCC 

cAAATGcAgCtTGAATCATCTGCCCATCcACCCCCTGTGCCCAACAGTAA 

GCCTCCTCTAGAGTAGATACTA-tCTCCTGCATCTCAGTGAACCACTGCCc 

AgCAAAGCAGTCTTGCTAAAACAAtGACTcTAGAgaTCCTAAGCTGTGtG 

AGAGCTGGAGGAGAGAATTAGAcTGATGgTCTGGGAAGGGATTGAATTAG 

TCATCTTGtACCTTTTCTTCTTGACTTAAGTTGCAGACCTGTAGCAACCA 

TTCCTGCTTAGACATCCAGAACATAAGCCTAtGGgtctGTGCCTGTTGGG 

TCTTAGTCTGGGTGAAACTTTTCTCTACTTCTGTCAGCtCTCCAGATGAA 

CCACAGAAGCAGGAATGTGGGCATCATCAGTGAAATCTCTGCATACAGCA 

GACAAAGGGCTGGTCCAGTGGCTGTTTATGAGGCAGCGCTAGGAGAGCTC 

TGATCCAGACTCTCCCTGCAGTGAAAGGGAGGGAGCCCTTCATGAAGTAT 

TGACTGCTTGAGCAGGAATTGCTTCACCAGCACCTAACTGAGTGCCTCrC 

GAGCTCACATCGGTTTTCCCTCATGAGGCCACTTGGAGTCTTGCTGAGGG 

ACTTGGTTCTATTAGGGAAGGTGAGTTTGGGGATGGTGAGCAGGGAGGGC 

CTGGGGACATTGTGGCTAATGGGGCTTTTCTCCTCTTGGCTTAGATTCCG 

GCAGAGTTCCTCTATCTCGTCTTGTTGCTGATTAAAGGTGCCCCTGTCTC 

CAGTTTTTCTCCATCTCCTGGGACGTAGCAGGAAATCAGCATCATGGTTG 

GGTTCAAGGCCACAGATGTGCCCCCTACTGCCACTGTGAAGTTTCTTGGG 

GCTGGCACAGCTGCCTGCATCGCAGATCTCATCACCTTTCCTCTGGATAC 

TGCTAAAGTCCGGTTACAGGTGAGGGGATGAAGCCTGGGAGTCTTGATGG 

TGTCTACTCTGTTCCCTCCCCAAAGACACAGACCCCTCAAGGGCCAGTCT 

TTGGAGCATCGAGATGACTGGAGGTGGGAAGGGCAACATGCTTATCCCTG 

TAGCTACCCTGTCTTGGCCTTGCAGATCCAAGGAGAAAGTCAGGGGCCAG 

TGCGCGCTACAGCCAGCGCCCAGTACCGCGGTGTGATGGGCACCATTCTG 

ACCATGGTGCGTACTGAGGGCCCCCGAAGCCTCTACAATGGGCTGGTTGC 

CGGCCTGCAGCGCCAAATGAGCTTTGCCTCTGTCCGCATCGGCCTGTATG 

ATtCTGTCAAaCAGTtCTACACCAAgGGCTCTGAgCgTGAgTATGgAgCA 

aGGGTGTAGGCCCCTtGGCCCTTTTttCTCAgTGAtGATtGATCTtAGTt 

CATtCAgCCATATAgTtTtTtAGgCCCcAcgaTcCcTAGgAAGatCAGGG 

GgAACAGAGAACTGGAAGGGGCCCTGGTCCTCCACATAGTTCCTAAGCAC 

CTGGGCTATACCAGGcTCTGAGCAGGgCGTCATCCCATCACAGTCTTCAA 

CACCACCTTGGGAGTAGGTAGTATCATCCCAGTGTTATAGAAgAAgAgAC 

TGAGGTGGGAAGGCAgTGGGTAgAGTGGGGACTTGGCCAGGGGCACACAG 

TAGAGAGCCAGAAAACACACAGTAGAGAGCCAGGACACTCGTCTCTAAGG 

CCAGCGTTCTTCCCTTTCAcCTCCTtAGtAtGCCAtGCCAACCcTCCATT 

TTACACATGACGAAACaGaGCCCCAAACAAAAGGTTGTCTTTCCCAGATC 

ACATGGCAGGAAGAAGTAAAGCTGACCTGAGATCCCAAGTCTTAGGAATC 

CCAGTCCTCAGAAAGCCACTTCTCTCTGAGCCTTGGTTTTCACATTTGTC 

AGATGGAaATGATTGTGATTTCTCAGGGCTGTTGAGCAGGTAAATGAAAA 

TGTTTTATGAAAGAAAGCACCAAGTTTCATTTTGGTCTTAGCCCTTGCTA 

TGTCCCTAGCAAGAAGTAGATATTCATAGGGATATTTTGTTTGATGTGAG 

GAGTTCTTACAGCAAGAGCTTGTAGAAGGCCAAAAGCTTCTGGATTCTAA 

TCCCAAAAGCAGGAGATGACAGTGACAGGGTGGTTTTGGTGAGGAGAGAT 

GAGGTAGAAAATGAGTGCAAGCCCGCTGGCCACrGACCCCATGGCTCGCC 

CACAGATGCCAGCATTGGGAGCCGCGTCCTAGCAGGCAGCACCACAGGTG 

CCCTGGCTGTGGCTGTGGCCCAGCCCACGGATGTGGTAAAGGTCCGATTC 
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Fig. 10D. (continued 2) ~ - - ■ 

CAAGCTCAGGCCCGGGCTGGAGGTGGTCGGAGATACCAAAGCACCGTCAA 
TGCCTACAAGACCATTGCCCGAgAGGAAGGGTTCCGGGGCCTCTGGAAAG 
GTGTGTACCAGTTGTTTTCCCTTCCCCTTTTCCTCCTCCCCGATACTCTG 
GTCTCACCCAGGATCTTCCTCCTCCTACAGGGACCTCTCCCAATGTTGCT 
CGTAATGCCATTGTCAACTGTGCTGAGcTGGTGACCTATGAcCTCATCAA 
GGATGCCCTCCTGAAAGCCAACCTCATGACAGGTGAGTCATGAgGTAgAc 
gGTGCTgGGTCTCACCCTTCCCCcATGcCAggAgCAGgTGCGGGGgTcTA 
gCTGAcACcAgAagAccacATCTTTTCATCCTATTTGCCCTTTGCAGGGA 
GAGTAaGAtATCTCTTACTTGCCATATtGAAGCCAATTGGGATGAAgCTC 
CCACTTTGCACaTtGAGgAAcTGAgGCtAgAtTGGCAAAATGAcTCTTtC 
AGgTCCTCAGAAGATGTCTCAGCTGGAGTCCCTGtCtgTTTTTgTTTTTT 
TgtttGtttGttTTTTGttTTTtttGaGAtAGaGTcTCAcTcTGttACCC 
GtGTAATcTCAGCTCACTGCAACCTTCTCCTccTGGGTTCAAGcGATTCT 
TGTGCCTCAGCCTCCCgAgTAGcTGGGATGACAGGTGTGCACCAgCACAC 
tGGCTAATTTTTGTATTTTtAGTAGAgAtGGAGTTTCACCATGTTAGCCA 
GGCTGGTCtCGAAcTCCTGGCCTCaAGTGATCTGCCCACCTTGGCCTCCC 
- AATGTGCtGGGATTACAGGTGTgAGCCTcTGCGCCCGAtCcTcTTGtTtG 
tTtTTTGAgACAGGGTCTtGcTCGGTtGCCCAgGctGGAgTGCAgTGGGG 
tgATTAATGGcTCATtGcAgCCtcgACCTCCctGAcTCAAgCAATCcTCC 
CACcTCaGCCTCcTGAgTAGcTGGGGCTGActAcaGGCaTgCACACTGTg 
CCTGGCTaATTTTTGTaTTTTGTAgAgACAGGGTTTTTGCCATGTTACCC 
AgTCtGGTCTTgAACtCcTGGGCtCaaGtGATCcaCCCacCtcggCCtcc 
AAAAGAAGTCCTGGATTACAGGCATGAGACATTGTGCCCAGCCTCTCTGT 
CTCTTTAAAATCATGAAAACTCGTAGCTACTTAAGTAATTCTCCTGCCTT 
CTGGAATGATGGGTGAAGATCTTGACTGCCTTGCCTGCTCCTCCTTGGCA 
GATGACCTCCCTTGCCACTTCACTTCTGCCTTTGGGGCAGGCTTCTGCAC 
CACtGTCATCGCcTCCCCTGTAGACGTGGTCAAGACGAGATACATGAAcT 
CTGCCCTGCJGCCAGTACAGTAGCGCTGGCCACTGTGCCCTTACCATGCTC 
CAGAAGGAGGGgCCCCGAgCCTTctACaAAGGgTGAGcCTcTGgTCcTCC 
CcACCCAGTTCAGGCcTcTTGGcTATGCATGTCTATTATGGGTGGGAGAG 
AACCACCTGGAAGTGAGTAGCAGCCAAGTGTGACTATTTCTGATCCTGGT 
CGTGGCATTTCACCAGCATTCAcCTATCcCcTtAaTtCcTtCcTCCcagA 
aTtGcTAcCATCActGTTtATTAGGTGTtAAATGGAGACTCaAaGGGAaT 
tCATGCTTATAGCCaAGCAGcTGTGAGCTCAGtTCAttGAgTCcTcCCAG 
C C TCC TT t: gGGAc AGAgC AAc TGGGT t GGA t TGAAT Ac CAGGC CCAGTGA 

GGGAAGTGGGAGGTGGAGGTGCCCCCATGACCTGTGATTTTTCTCCTCTA 
GGTTCATGCCCTCCTTTCTCCGCTTGGGTTCCTGGAACGTGGTGATGTTC 
GTCACCTATGAGCAGCTGAAACGAGCCCTCATGGCTGCCTGCACTTCCCG 
AGAGGCTCCCTTCTGAGCCTCTCCTGCTGCTGACCTGATCACCTCTGGCT 
TTGTCTCTAGCCGGGCCATGCTTTCCTTTTCTTCCTTCTTTCTCTTCCCT 
CCTTCCCTTCTCTCCTTCCCTCTTTCCCCACCTCTTCCTTCCGCTCCTTT 
ACCTACCACCTTCCCTCTTTCTACATTCTCATCTACTCATTGTCTCAGTG 
CTGGTGGAGTTGACATTTGACAGTGTGGGAGGCCTCGTACCAGCCAGGAT 
CCCAAGCGTCCCGTCCCTTGGAAAGTTCAGCCAGAATcTTcGTCCTGCCC 
CCGACAGCCCAGCCTAGCCCACTTGTCATCCATAAAGCAAGCTCAACCTT 
GGCGTCTCCTCCcTCTCTTGTAGCTCTTACCAGAGGTCTTGGTCCAATGG 
CCTTTTTGGTACCTGGTGGGCAGGGGAGGAACCACCTGACTTTGAAAATG 
GGTGTGATCCACCTTCCACCTCCAGCATCCAATCTGAAGCCCGTGTAGGT 
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Fig. 10D. (continued 3) ~ 

GCAGGAgCCACcTGAgAGACAGCAgTGCCTCCCCTTCCTTTG 

cttc»gctcttactcagaatctggtactctagt(k:ctgcca^ccaaccc 

CCCACCCCAGCCGCAGGCCTGTTTATCTGCACAACAAGAGTGCTCCTGTG 

TGCCCTGCATCTCCTC^AGTTCCAGAGGAACATC^GACTCTTAGATGCTG 

TTGACTTTATTTTATTCCATTTTACAAATGGAAGGAAGACCCACCTCCCC 

CAAAGTCCCAGACCTTGTGAGAACAAGTCAGCCTcCTTcCAcCCTCcACA 

GCCACAGCcAcACccACaGAGGAAATGTtACTGAACTGGGTGGAGCAGGr 

CcTGAcTCcACAgAGGGTGGgTGGAGGCTGCAGGGCAAACATCTGGTCTC 

TGCCTGAGGATACTTtCCATTtGTGTTTTTTGTTGTTTTGAGACAGAGTC 

TCACTTGCTGTCACCCAGGCTGGAGTGCAgTGGTGCAATCTTGGcTCACT 

GCAACCTCTCCCAGgTTCAGGCgAtTCTCcTGCCTCAGCCTCCCAAGTAG 

^m^^^^^^^^ Ca ^^ C ^^^^^^^^^^^^^-^^^TTTGTGTTTtTG 

GTA(3Aaac gg GGTTttg C catgttg g cca gg ctggi:ctc a aactcctgac 

ctcaagtgatccacctacctcagcctcccaaaGTGCTGGGATTACAoGCA 

TGAgCCACTGTGCCTGGccaggatattTTCCaTTtGGAGTCtCaCCacS 

cAACCCCCCTCCAcCtgCCCCTGCCCcAGCTAGGGATCCaaGGAGGccG^ 

aAGAAGCCAGGGCCTTGGCtgcACAGGGGTCTCCgctTCTCTQTCCCTGT 

^™^ CCTgCACTCAgATCGA 5 GTGGG CAgGCK;TACTAcLTTTcS 

GGAGTGgAGACTGTGAGGTCCTGGAATCCCAAGGCATCTCCTATAGGGCT 

GGGCCCTTAGAATTATGTCACTCAGACCCAGTTTGTAGGTGTCTGAAGAA 

ACTGAGGCCTGACACAGGTGATGCAGGCAAGAACACCCAGAAAGTCCACT 

ACTGAACTGGGACCGGGACCCAGTCCTCCTTCCCCTTGTGGACTCCCCCA 

^^ A ^ AG ^ GC ^ GGGG ^^^^^ G< ^^^A^ cc TGTTTGGCAGCTGTGGAGcT 
AGGCCCTGAGAArAc g AacACCTCCcTcTTCCCTcAGCCTcAAGCCGaTC 

AAGCCAcTGcTGcTTCGCCGCCTcGTAAGCCCAATGgTCAC^GcTGSGG 
cTAGACCCTTCAgTGCTTGGGTTGAGGGCcAgGGTGTTAgATTGGT^CTT 
GGAGAA<^CGA<3GGCCCAgGATtCTtCAGCTTCTTAg?TTT^CAiA 
^m^^5S'^^ AGG ^' ^ c ATA 9^^ C TCGGgAGGgACAGGGTT^AGTGCCA^AA 
GTCGGCAAACCAgGGTAAAgGTGACAGGCAGCTCAgCCAGGCTGCAGGGG 
GTGGCATATACAgAGGACcTGGCCAcTACTTTATGTACCTTCTTACACTA 

ATTCTGTGAGCX:AGGCTGTTTGTTAgCTCTGCTCTG<»CG<^GAAaTA 
GGGGCAgTTTGGTAGATGTGTGTCAAAG ~*"vww*giA 
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